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As though the story could advance its pawns
More discreetly thus, overstepping
The confines of ordinary health and reason
To introduce in another way
Its fact into the picture. It registered,
It must be there. And so we turn the page over
To think of starting. This is all there is.
—John Ashbery, "Frontispiece" (1981)
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 About the Cover and Logo
  
"Make it part of you to be a part of me."
—John Denver from the song Follow Me
The International Joint Commission (IJC), United States of America
and Canada, is a unitary body. By treaty, the IJC was brought into
being not to represent either nation but rather to consider the
shared interests of both. The Canada/U.S.A. Transboundary Region
(TbR) covers that shared area. The TbR is an "area" of shared interest
and concern, but it has dimensions of time as well as dimensions of
space. It moves with issues.
The IJC has committed to dealing with the relationship between
parts and wholes in the Transboundary Region. Its December 1984
report to the governments of Canada and the U.S.A. and the
provinces and states of the Great Lakes Basin repeated its Support for
the application of an "ecosystem approach“ to the Great Lakes
environmental research, including monitoring studies. The cover of
this volume is designed to illustrate both a part of the shared
Transboundary Region and the whole globe of which it is an integral
part. These interrelated parts and wholes — and the integration of
the processes that maintain their health — are the subject matter of
human ecology, in the broad sense of that term. Political borders
between all nations and between their political subdivisions have
limited influence on ecosystem dynamics. These flows of matter—
energy and information have become the subject of environmental
diplomacy. It is a necessary diplomacy between and among nations
and between and among their many societal components. In
convening the Transboundary Monitoring Network (TbMN)
Workshop, the IJC desired to reflect to a broader set of interested
persons: (1) the holistic nature of much of the subject matter of a
prospective TbMN, and (2) the IJC's own unitary character. In
keeping with that desire, a logo for the parts-and-wholes TbR theme
has been developed and employed in this volume.
It should be made apparent to the reader where the
Proceedings editors have incorporated explanatory
and illustrative material intended to make this
record more understandable and more useful (and,
we are hopeful, even more interesting) to a wide
audience. To assist this recognition of our editors'
additions to what was voiced in Philadelphia, we
have labeled them. Major additions such as the
"Perspectives" sections start and end with a
logotype — a symbolic TbMN Mobius strip
containing the names "Canada" and the "U.S.A”.
These additions and the minor insertions, as
well, are printed in non-serif (modern) type to make
more evident the fact that they are not core material from the two
days of proceedings in Philadelphia.
 
The outside cover is illustrative of the Transtundary Region shared by
Canada and the United States of America. The two-dimensional aerial
photo shows an area between Ogdensburg, N.Y., and Ottawa,
Ontario, recently much trafficked by thecochairmen of the IJC. The
cover photo is a transboundary scene captured by cloud-penetrating,
side-looking, airborne radar (SLAR). The photo depicts a part of the
TbR at one moment. It is a snapshot needing comparison with other
snapshots for the needs of monitoring to be served. Monitoring is the
seeing of difference, of change. Monitoring requires comparisons.
The inside cover shows* another static model of Earth. The projective
transformation strategy (seeking of least distortion) for this map was
developed by R. Buckminster Fuller between 1917 and 1980. This
map's highlighting of watersheds of interconnected Earth seemed to
suit it well as a cover for the record of the TbMN Workshop which
originated as a concept in water-related concerns of the IJC. It covers
much, but not in much detail.
“Courtesy of the Buckminster Fuller Institute, Los Angeles, California.
 
  
Foreword
_
The world was a very different place when the founders of our
two nations were preparing the legal and constitutional
foundations for the governance of territory now extending
from the Atlantic to the Pacific and from the Gulf of Mexico
to the Arctic Ocean. For one thing there was no way of
anticipating the nature, extent, and significance of modern
man's impact on non-human components of the North
American ec05ystem. Similarly we have only recently begun to
appreciate the magnitude of the interconnections between
different parts of the ecosphere. Air, water, land, and living
organisms can no longer be treated or managed as discrete
and unrelated compartments of our world.
The International Joint Commission was created pursuant to the
Boundary Waters Treaty of 1909 to help "prevent disputes regarding
the use of boundary waters and to settle all questions which are now
pending between the United States and the Dominion of Canada".
At the time the treaty was signed the focus ofthe treaty was on
water quantity, and the document gives the clear impression that
boundary and transboundary waters were seen by the drafters of
the treaty as relatively discrete surface waters. Today, the major
water quality issues have other dimensions. Contaminated
groundwater from hazardous waste sites and acid rain vividly
illustrate the land and air linkages of the water quality issue.
Ecology was not a commonly used part of the English language until
a few decades ago; yet we now must somehow or other continue to
gradually shift our attitudes, behaviour, and collective actions in
directions that are more consistent with ecosystem limits and
ecosystem realities. It is no longer sufficient to manage water, air,
land, and living resources in a vacuum. Even the term
"environmental management" implies a “dominion over all“
attitude that is not consistent with an ecosystem approach. The goal
surely is to work toward managing our own activities in ways that
are consistent with conserving and protecting the long-term quality
and productivity of the air, water, land, and living resources on
which we depend. The better we become at taking such long-term
strategic considerations into account, the less likely it will be that our
use and abuse of these essential components of our shared
ecosystem will impair and restrict other current and future users in
our own and neighbouring states, provinces, and countries. The
gradual change toward a mode of thought and action that is both
 
more anticipatory and more adaptive is implicit in an ecosystem
approach and can proceed no quicker than our knowledge and
understanding of the ecosystem implications of our cumulative
actions allows. Similarly in democratic societies meaningful
progress is not likely to occur without the support of an
informed and aware citizenry. Finally we must recognize and
face the challenge to develop efficient and appropriate
mechanisms to ensure that interdisciplinary, interjurisdictional,
and intercompartmental considerations receive adequate
attention.
One of the critical factors limiting our understanding of the
impact of specific and cumulative activities on other compo-
nents of the ecosystem is the lack of good long-term data sets on
changes in critical ecosystem parameters. Without such information
we cannot be very precise about where we have been nor can we be
confident about predicting where we are going. What we do know is
that the future need not be, and in some cases cannot be, a mere
extension of the past. However, with a better sense of where we have
been and a better appreciation of current trends in critical aspects of
the ecosystem, there is at least the possibility of knowingly altering
attitudes, behaviour, and actions in an anticipatory and adaptive
fashion before unacceptable and irreversible damage has occurred.
One can imagine that an international effort to establish and operate
a transboundary monitoring network might lead to the selection and
designation of key data sets and key networks as part of an agreed
upon "core" sensing network to monitor an agreed-upon set of
"core" ecosystem parameters. Perhaps one could also assume that
such a designation would include an international commitment to
share the information generated as well as an agreed-upon protocol
for changing or discontinuing all or part of the core network. The
presence of such an agreement would signal a shared commitment to
working together to develop an evolving consensus on the
cooperative actions to be taken to protect the health of the
transboundary region. Indeed, such developments, in the best
traditions of preventing disputes and settling questions, are likely to
be important in helping to ensure the continuing good relationships
between our two countries.
—Andrew L. Hamilton
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[Mlechanisms between any two modern states in close contact are likely to be
complex. They are particularly so between two large federal democratic states
existing side by side. They are usually taken for granted, apparently on the
assumption that they function automatically. This is not the case. There are
judgments to be made as to how issues should be handled and who should
handle them which can have a major influence on the outcome of bilateral
problems.
[Tlhe long and complex physical boundary unites the two nations in common
solutions to problems concerning water quality, water levels, air quality and
related land-use problems. Professor Peyton Lyon of Carleton University pointed
to the many existing structures, institutions and arrangements which tie the two
countries together in a special way.... [Tlhe range and scope of the bilateral
contacts in trade, energy, financial institutions, cultural interactions are
enormous, complex and undoubtedly "special" in the sense of "unique". There
is also the special quality of the relationship which exists between the two
peoples because they live on the same continent, share much the same type of
climate, similar means of communications and similar ways of doing business.
[Tlhere is [another] aspect to the special relationship which is perhaps the
most important of all. It concerns the procedures or the style of conducting
official business between Americans and Canadians. Professor Lyon elaborated:
"'Special' in this sense means easy, informal, extensive, responsive and in short
friendly; on both sides the masses still refer each to the other country as 'our best
friend' and act accordingly.”
it means easy communication through a common language and common values.
There is a strong disposition to regard interests as compatible, to consult over
differences and to let facts resolve the issues wherever possible.
— The Standing (Canadian) Senate Committee on Foreign Affairs,
Canada-United States Relations, Vol. 1, The Institutional Framework
for the Relationship (December 1975)
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Introduction
This document attempts two things. It attempts, at once, to
encapsulate an ongoing process at a moment in time, to create
a snapshot; and it also tries to maintain a sense of the ongoing
—— "toward a transboundary monitoring network: a continuing
binationai exploration". The structure of this volume reflects
these efforts.
The core of the document is an edited record of what was said
at a workshop held at the Academy of Natural Sciences of
Philadelphia on October 10 and 11, 1984. At that workshop,
attendees were invited who would represent a variety of
perspectives. The intent was to tap the rich diversity and
interaction of their ideas in a supportive environment, and to
encourage participants to generate suggestions from their various
backgrounds and expertise. Because the object of the workshop was
to capture a broad spectrum of ideas and comments with no attempt
at consensus or closure, and because the process of consultation
about a transboundary monitoring network is designed to be an
ongoing one, the transactions contain more than what was actually
said at the workshop in Philadelphia. For example, a rapporteur
from each working group was asked to summarize, at the closing
plenary session, the essence of what was said in that working group.
These rapporteurs had a particularly difficult task, for they were
asked to condense and synthesize several hours of spirited, and
often very complicated, discussion into a ‘i 0-minute oral report; and
they had about 30 minutes to put it together.
Each oral presentation was transcribed, and the verbatim
transcription was edited and sent to the rapporteur for revision, if
any was desired. Then, to give all participants opportunity to share
ideas that may have been overlooked in the reports, each participant
was invited to review and comment on the rapporteur's Summary of
the working group he or she attended. Few persons had any
suggestions for changes, but all substantive remarks on a
rapporteur's presentation are included here, with attribution, as
addenda at the end of that rapporteur's report.
Very little editing was done on papers prepared for presentation the
first day, in order to maintain the individuality of each author‘s style
as much as possible. The extemporary comments and questions at
the workshop were edited minimally so as to retain the personality
of each speaker as reflected by his or her choice of words. As a
result, the transactions contain both the fidelity of ideas as expressed
 
and the broad differences of individual styles of speaking. Some
excess verbiage, common in oral presentations, also remains.
This choice was made consciously to retain the spontaneity and
informality of the spirit of the workshop. Other brief quotations
and illustrations from a variety of sources have been interspersed
within the text to reinforce the interconnectedness of the
subject matter.
The second half of this volume is a set of appendices that contain
material prepared both before and after the workshop. The
workshop program is reproduced in Appendix A. Appendix 8
contains background information mailed to prospective attend-
ees prior to the Philadelphia meeting; it includes relevant excerpts
from a background kit and a workbook that provided common
ground for the participants' discussions. Appendix C contains follow
up material, including results of a post-workshop questionnaire.
letters, and other written comments; a magazine article describing the
workshop; invited comments from special critics of the workshop; and
other items relevant and subsequent to the workshop.
HowTo Use This Volume
At the very least, the intent of this volume is to continue and to extend
the informal network that materialized in Philadelphia for two
October days in 1984, then quickly stretched across the North
American Continent as participants returned to their homes. In the
interactions of those attending, a transboundary monitoring network
of sorts existed briefly; and in the minds of some it still exists, however
informally.
As you leaf through this volume, pauseto read more deeply as the
urge strikes. Dip into the appendix material, and ask yourself how,
where, and why a particular article or other item fits the conceptual
framework of a transboundary monitoring network. Sample the
illustrations or quotations, perhaps questioning why a particular
illustration or quotation was chosen, and allow your meanderings to
be a process of discovery.
We hope this document will not only stimulate your thinking about
the complex, undefined ecosystem known as the transboundary
region between Canada and the United States of America, but also,
that you might be moved to become a part of a transboundary
monitoring network and to enjoy the prospect of a continuing
binationai exploration.
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Perspectives I
(On the Setting of Values)
 
Whatever success Canadians and Americans
have achieved in resolving differences over
environmental and natural resources issues,
changing circumstances in science, technology,
and economics bring into question the
adequacy of existing arrangements to deal with
binational responsibilities. These changes are
apparent not only in Canada and the United
States; they occur in various ways throughout
the world and have caused environmental
conflict among states. The record of Canadian—
American conflict over environment-related
policies is mixed. Resolving differences has often been time-
consuming and expensive; ad hoc settlements are common but
provide little help in avoiding other conflicts.
— Lynton K. Caldwell, "Binational Responsibilities for a Shared
Environment" in Canada and the United States: Enduring
Friendship, Persistent Stress, Charles F. Doran and John H.
Sigler, Editors (1985)
With more frequency, you and I need to walk in each other's shoes,
hear through each other's ears, or see through each other's eyes.
"The only way to resolve differences is to understand them."
— US. President Ronald Reagan, 24 October 1985, at the
celebration of the 40th anniversary of the United Nations.
The International Joint Commission does see the utility of such
perspectives applied to the Transboundary Region. in December
1984, it worded its Second Biennial Report Under the Great Lakes
Water Quality Agreement of 1978 to the Governments of the United
States and Canada and the States and Provinces of the Great Lakes
Basin: "The Great Lakes Water Quality Agreement is a milestone
document, one of the first international statements that technical,
diplomatic, and administrative approaches to resource management
need to be considered in terms of holistic ecological concepts. Land,
water, air and biota interact and are mutually influenced. Existing
resource management approaches which partition the environment
into separate components of land, water and air with associated
biota are recognized as inadequate since management of a resource
component in isolation from adjacent or interacting components
would likely produce short-sighted strategies to protect one
component of the environment at the expense of another. Because
existing environmental and resource programs are separated,
compartmentalized and spread throughout various bureaus,
agencies, ministries and departments, the new approach requiring a
holistic overview entails, at the very least, a reorganization of
thinking, and perhaps a reorganization of institutional
arrangements."
THE Question:
“What is the state [of health] of the boundary region?"
— L. Keith Bulen (1983)
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Niagara Seen With Different Eyes, a painting by Arthur Lumley (from Harper's Weekly, Aug. 9,1873)
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or their orders may be reversed depending on the criterion of
ranking. Interval and ratio scales permit mathematical evaluation of
tradeoffs, but only if agreement is assumed concerning whether the
units of measurement—size or distance, dollars, or whatever—
validly express the values in question... In general, interval and ratio
scales have the advantage of permitting more powerful quantitative
analysis, but are invalid and misleading unless those scales are
appropriate to the underlying phenomena.
The essential research question, therefore, is to determine what
environmental values can validly be expressed in an interval or ratio
scale, and if so, using what indicators; and what values cannot be
carried beyond the nominal or ordinal....
Contrary to common assumptions, the question is not
quantification per se, but appropriate representation of each
environmental value. Quantification is a matter of degree. Most, if
not all, environmental value claims can be represented within a
specific context, in some quantified fashion, even if only at the
coarsest level—for example, more or less or equally important than
some other consideration. The question is to determine what sort of
quantification is appropriate to each value, the nature of the
indicator, and its level of precision.
Conversely, environmental values cannot be properly ordered
without an adequate understanding of their empirical indicators, yet
many environmental trends are presently unknowable because of
lack of time series information about them. For instance, relatively
good information is available on trends in water supply for off-
stream economic purposes, but there is virtually none on its
adequacy to sustain fish, wildlife, and plant populations. More0ver,
some environmental data that do exist have been collected at
different scales, in incommensurable units, or using incompatible
coding and interpretations that make them difficult or impossible to
aggregate... Other studies may have used inappropriate indicators
of environmental values...
-— Richard N.L. Andrews and Mary Jo Waits, Environmental
Values in Public Decisions: A Research Agenda (1978)
Evaluating the contribution of ecosystem functioning to human
welfare is a complex task. It is a task of weighing human social values
and is the quintessential task of politics. In order for citizens to
communicate to their representatives their true desires about the
maintenance of the natural environment and the pace of
development, it is essential for the public to have a clear idea of the
benefits they obtain from nature in its undeveloped state. An
enumeration of the relationship between the effects of development
and physical damage to ecosystems is a helpful first step. A full range
of evaluation techniques, including but notlimited to the use of
economic measures, then awaits the planner in weighing the social
value of benefits and costs.
At the present state in the development of our evaluation methods, it
would seem appropriate to seek both expert judgment in the
assessment of physical damage and public participation in the
assessment of social values. Cost-benefit analysis applied to the
development of natural resources will consistently skew estimates of
nature's value because of the limited state of our knowledge of
ecosystem function and the difficulties in expressing these values in
monetary units.
— Walter E. Westman, " How Much Are Nature’s Services
Worth?” in Science (2 September 1977)
An effective TbMN would both assist the identification of systems
shared by Canada and the U.S.A. and assist in the evaluation of system
functioning. Some of those systems-in-common are systems defined
by thedynamics that make these neighboring nations "symbioses."
They include biosheds, watersheds, and airsheds. Depending on the
perspective most conducive to addressing a problem or opportunity,
any or all of these might serve as appropriate guides to delineating
the boundary region. These "sheds" and others, singly and in
combination, determine — even at the scale of microecology — the
extent to which we are neighbors.
   
    
Waterfowl tend to concentrate more during molting,
migration and wintering than during the nesting
season, so habitat loss or degradation or outbreaks
of disease on critical concentration areas such as
marshes, deltas or coastal bays and estuaries can
have serious consequences for waterfowl
populations. Habitat conditions along migration
routes and in wintering areas may directly affect the
survival of migratory bird populations and influence
reproductive success the following spring. Many key
areas of migration and wintering habitat have been
lost to other land uses..., and the quality of much of
the remaining habitat has decreased substantially.
The major requirement for waterfowl conservation
in North America is to influence land use practice on
extensive areas across the continent... The efforts
required to maintain and enhance waterfowl habitat
in North America are beyond the capability of public
natural resource agencies alone. Long-term
solutions will require the coordinated action of
governments, private organizations, landowners and
other citizens...
There should be an improvement in the inventory
and monitoring of waterfowl habitat in North
America in cooperation with states, provinces,
territories and conservation organizations... The
[North American Waterfowl Management] Plan is a
broad policy framework that describes the overall
scope of requirements for management of migratory
waterfowl in Canada and the United States. Mexico’s
full participation is very important for management
of North American waterfowl, and both nations
should actively encourage it. To implement this
important agreement, these nations should establish
national, provincial, territorial, state and flyway
plans which convert international objectives to
operational plans....
— Tom McMillan (Minister of the Environment,
Canada) and Donald Paul Hodel (Secretary of
the Interior, United States), May 1986
 
THE TRANSBOUNDARY REGION
BIOLOGICAL SYSTEMS
Bio-sheds
(e.g. Migratory Fowl)
If issues and concerns extend to biological groups that
cross the boundary then their area of movements should
form the boundary region. In the case of migratory birds
this region would include the major flyways. The
common tern has been shown to have elevated levels of
toxic materials in colonies resting in Green Bay.
However, these could be being accumulated anywhere
along its migratory route.
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"There is a deficit of information regarding virus
movement from on-site waste disposal systems... It
is possible that application rates and system
modifications designed to contain fecal bacteria
will be sufficient for fecal viruses as well. It would
appear, however, inappropriate to use this as a
guideline without considerably more information
on enteric virus adsorption kinetics, survival times,
elution conditions, and transport mechanisms...
Virtually all of the health-related research in water
quality has been centered on fecal indicator
bacteria. Efforts are needed to assess the
movement potential in soil of other organisms,
especially viruses, protozoan cysts, and helminth
ova. Many waterborne disease outbreaks are
suspected to have a viral etiology when no other
causative agent can be identified, and the dynamics
of viral translocation through soil may or may not
resemble that of fecal bacteria. Critical
examination of alternative systems or
modifications should include a determination of
the retention efficiency of both enteric bacteria
and viruses.
Numerous reports in this review have shown the
contamination that can occur in surface waters and
on a watershed basis through the inefficient
operation of conventional systems under
unsuitable conditions. "
—- C. Hagedorn, "Microbiological Aspects of
Groundwater Pollution Due to Septic
Tanks " (1984)
Ground water protection should be one of the
nation's highest priorities.
—— Chemical Manufacturers Association
THE TRANSBOUNDARY REGION
Watersheds
   
    
Boundary Watersheds:
1 Columbia ..................... .. USA
2 Mississippi .................. .. USA
3 Red River (Hudsons Bay).0an
5 St. Lawrence .................. USA/Can
Downstream Nation:
 
If issues and concerns involve water systems then
activities in the entire watershed may influence
conditions at the political boundary. The boundary
region should then incorporate all transboundary
watersheds.
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THE TRANSBOUNDARY REGION
Airsheds
(Illustrative Only)
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Increasing evidence suggests atmospheric loading may
be a significant source of materials particularly to lakes
and specifically the Great Lakes e.g. Phosphorus,
PCBs, toxaphene. It this is the case then airsheds also
must be considered a part of the boundary region.
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Atmospheric loading of P to the Great Lakes
(IJC 1934)
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Council, a consultation group consisting of representatives of certain
affected government agencies and scientific institutions. At the time
of its formation, the PMK took over the responsibility for a number
of investigations that had already been going on for years or even
decades... For practical reasons the institutions, authorities and
organizations which used to conduct these investigations have
retained the responsibility for operating performance even after
PMK became the financing intermediary...
PMK makes available the data it collects to one and all who wish
to make use of them. Among other things, the measuring results can
be used to underpin decisions, e.g. to promulgate a ban on the use
and emissions of harmful substances, as well as assessments of
whether or not such decisions have achieved the intended effects in
the natural environment. Further, PMK data can serve as a reference
to data obtained in connection with local monitoring of polluted
areas; if no such facility were in hand to permit comparisons with
conditions in relatively unaffected areas, it would be hard to decide
how disturbed the polluted area in question really is. The results are
also meant to provide a foundation on which to base research
projects and official investigations... PMK’s multi-pronged approach
—— especially its investigations of biological effects — should be able
to detect and expose environmental disturbance hitherto unknown,
e.g. contaminants that cannot be demonstrated using today's
conventional methods of chemical analysis...
A basic quality of PMK is the long-term character of its
environmental monitoring. It will no doubt be necessary to make
minor revisions of the programme from time to time as new
environmental problems are identified, but taken in the round the
whole operation should be considered permanent....[F]ew other
countries have done their weather observations on a daily basis for
as long as Sweden has: there are unbroken series of observations
that date back to the mid-18th century, and they are still running.
Economic and demographic annotations have been on file even
longer. This wealth of data has taken on an ever greater scientific
value, and with the passage of time it has come to be used for
purposes that were in no way foreseen when the first observations
were recorded.
— Monitor 1985, The National Swedish Environmental
Monitoring Program
Your neighbor is not a man; he is an environment.
He is the barking of a dog; he is the noise of a pianola;
he is a dispute about a party wall;
he is drains that are worse than yours,
or roses that are better than yours.
—G.K. Chesterton, The Uses of Diversity
neigh bor, neigh bour (na ber), n.
(ME. neighebour, fr. AS. neahgebur, lit., nigh-dweller ...]
1. A person who lives near another; one whose abode is
(relatively) not far off; as, neighbors of the same village.
2. One entitled as a fellow being to receive, and expected to
render, kindness.
in the field of world policy, I would dedicate this
nation to the poIiCy of the good neighbor.
— Franklin D. Roosevelt, First Inaugural
Address, 4 March 1933
The International Joint Commission regularly
deals with matters which neither the United States
nor Canada should decide unilaterally. Typically,
we've been obligated to consider the state of the
environment only piecemeal and only at, or near,
legal b0undaries. Yet, the environmental values
covered by the Boundary Waters Treaty of 1909 are
inextricably linked to an ecosystem whose
boundaries only sometimes bear relation to the
national border. This ecosystem may dip south,
where the issue of acid rain is concerned, or north,
where migratory birds or whales are concerned.
Atmospheric and non-point depositions are now viewed as major
water polluters...
 
One of the strengths of the International Joint Commission is its
ability to establish a common data base on which both parties in a
dispute can agree. However, one of our frequent frustrations has
been, of course, the inability to locate appropriate baseline data.
—— L. Keith Bulen, "The Need For An Effective
Transboundary Monitoring Network" (October 1984)
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The significance of
this may be
debatable; but,
from on high, the
Transboundary
Region (TbR) and
our meeting site in
Philadelphia
seemed covered
by indistinctly
formed clouds on
the first day of our
TbMN Workshop.
By the same time
on Day 2 [see
photo on p. 227],
these seemed to
have formed much
more distinct
systems— to have
been dissipated
over our meeting
site and other TbR
locales so that
more of the
Region became
clear.
 
 Day One
Host’s Welcome
Thomas Peter Bennett, President
Academy of Natural Sciences of Philadelphia
On behalf of the board and the staff at the Academy of
Natural Sciences, it's certainly a delight and pleasure to
welcome you. The academy, as many ofyou may know, was
founded in 1812. It is the oldest, most contemporary
research-exhibit-educational institution in America.
Founded in Philadelphia, it had a number of locations
before coming here to the Parkway in 1876. Throughout its
history, the academy has been involved in issues that
relate to environmental matters, building very
distinguished collections of plants and animals, including
Lewis and Clark Expedition materials. Early members
were Thomas Jefferson, James Audubon.
As the academy grew and flourished, it became the site
for many meetings such as you're having here today. The
American Medical Association was founded at the academy
during the 19th century as was the American Association
for the Advancement of Science. More recently, one year
ago, the National Water Alliance had its founding, its birth
here. We host many conferences and we're delighted to
have you with us.
During the 20th century, the academy has continued to
build its collections. In 1934, we had the great fortune of
having a young curator join the staff of the academy— Dr.
Ruth Patrick, who will speak to you in a couple of
moments. Ruth began first doing the systematic work on
diatoms of the world, looking at diatoms as they exist in
international lakes, rivers, waters. During the latter 40's,
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she began looking at them from the point of view of how
they could be used in monitoring environmental and
pollution problems that were just beginning to be
understood. She began developing models and a very
extensive program here at the academy for this kind of
environmental research.
Ultimately, the academy's facilities expanded from
Philadelphia up to Avondale, Pennsylvania, where we
have our Stroud Water Research Laboratories; and we
hope that you may have an opportunity to visit them. We
also have expanded to the Chesapeake Bay, Benedict
Laboratories on the Patuxent River, where our studies on
estuarine areas and estuarine ecological monitoring
problems are taking place. The academy staff in the
research areas counts approximately 110-115.
Our exhibit programs are also extensive. We have a
new "Discovering Dinosaurs in the Making" exhibit
which we hope that you will have an opportunity to see.
It's the ﬁrst phase of a $2.4 million development of our
dinosaur exhibit area. Further, you will see "Outside In,"
which is our interactive museum for youngsters, a
children's nature museum that opened only two weeks
ago. We hope that you enjoy your visit here in
Philadelphia, and we hope that you enjoy meeting the
various staffmembers ofthe academy.
It's my pleasure at this time to introduce the person I
mentioned earlier, Dr. Ruth Patrick, who enjoyed her
jubilee celebration here at the academy earlier this year.
Ruth, as many of you know, has been the recipient of the
Tyler Award in Ecology and is a member of the National
Academy of Sciences and the American Philosophical
Society. As the president of one institution, I am
delighted to introduce another institution, Dr. Ruth
Patrick.
 
It is to be lamented that we have suffered so many of the Indian
tribes already to extinguish, without our having previously collected
and deposited in the records of literature, the general rudiments at
least of the languages they spoke. Were vocabularies formed of all
the languages spoken in North and South America, preserving their
appellations of the most common objects in nature, of those which
must be present to every nation barbarous or civilized, with the
inflections of their nouns and verbs, their principles of regimen and
concord, and these deposited in all the public libraries, it would
furnish opportunities to those skilled in the languages of the old
world to compare them with these, now, or at any future time, and
hence to construct the best evidence of the derivation of this part of
the human race.
— Thomas Jefferson, Notes on the State of Virginia
(December 20, 1781 - May 1785)
Documentation is the key to any research or monitoring program that
purports to be of long-term value. What were the objectives of the
research? Where was the sampling conducted—the geographic
location... Can the plots be relocated? What methods, instruments,
were used? Where 'are the original data? Have they been duplicated
and archived in a safe place? Have the data been entered in electronic
form and subsequently verified?
I contend that — with a few notable exceptions — the scientific
community has done an abominable job of plot monumenting and
field marking, study documentation, and data archiving. How many
times have we attempted to revisit old plots, use old data sets, repeat
measurements, and so on — and been totally frustrated because we
could not tell what had actually been done? Part of this is a
consequence of an unwarranted belief in our individual abilities to
recall critical information at some far-off date. Some of our failure is a
consequence of laziness. Agencies contribute to documentation
failures by regulations that unnecessarily limit field marking.
Institutions discourage (directly or through their reward structures)
long-term research perspectives. Many circumstances cause failures
and few nurture documentation efforts. We simply must get this area
of field marking and documentation under control or little long-term
research and monitoring will be worthy of the name — or the dollars
invested in it.
— Jerry F. Franklin, “ Keynote Comments: Prophylaxes For Our
Research Natural Area System“ (March 21, 1984)
 Patrick
Host’s Welcome
Ruth M. Patrick, Senior Curator
Academy of Natural Sciences of Philadelphia
Thank you Peter.
I am sure that you are, as I am, looking forward to the
next two days to produce some new ideas on how to
monitor, and monitor finely, as well as ideas as to how we
can make our legislators and lawmakers realize the
importance of monitoring.
We all realize that air, water, and land are one
environment. Furthermore, I think most of us have come
to a holistic approach toward monitoring, and toward our
environment, and realize that our surface waters, our air,
our ground water know no boundaries between nations.
If we're going to be good stewards, we must consider the
whole system, because what we do in one part of the world
affects the other parts. No longer can we look at just water,
but we must look at air, and we must look at drainage from
the watershed.
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When I started my work, as Dr. Bennett said, in the
early 30's, there were very few people who realized that
organisms could tell you something about the
characteristics of water. There were a few, but not very
many; and certainly monitoring was not in vogue. Our
chemical analyses were colorimetric. Ifwe could measure
one part per million, we were very lucky. Today, we have
instrumentation that can measure parts per billion and
marvelous electrical methods and gas chromatographs for
measuring what is present. We know a lot more about the
environment. In those days there were no computers, and
an adding machine was really a great forward step.
Well, we have come a long way in instrumentation and
methodology. We realize that chemical and biological
and physical characters must all be considered.
Som
eti
mes
I fe
el
we
jus
t s
tar
t to
mon
ito
r w
ith
out
sit
tin
g
back and thinking a bit: What is the design? Why are we
monitoring? Do we really focus our questions? Are we
using the best methods to obtain the end which we hope to
att
ain
?
I t
hin
k t
his
con
fer
enc
e c
an
hel
p u
s s
har
pen
our
appreciation of the science of monitoring and the
importance of design.
 
In nature, there is never discernible a sharp line or point
indicating the beginning of one community and the end of another;
instead, there is a zone of transition, or tension,
in which the conditions for each of the adjacent communities
becomes more adverse and there is often an intermingling of
species from both communities. Such a region is known as an
ecotone, or a tension zone.
— Clifford 8. Knight,
Basic Concepts of Ecology (1965)
Chute d'eau de Niagara
Much more than just a line on a map,the U.S.-Canadian border and its
neighborhoods provide a living stage where the geography and
peoples of two great nations come into lasting focus.
—- Thomas O'Neill, Lakes, Peaks, and Prairies: Discovering the
United States-Canadian Border, National Geographic Society
(1984)
 Preliminaries
Louis E. Sage
Vice-President, Environmental Research
Academy ofNatural Sciences of Philadelphia
Good morning, my name is Sandy Sage. I'm Vice
President for Environmental Research here at the
academy. I'm pleased to welcome you to the academy.
The academy has been involved in monitoring efforts
throughout the United States since 1947. During that
time, we've established data bases that span 25 years for
many of our rivers. Our relatively short data base of only
14 years on the middle reach of the Chesapeake Bay is, to
date, the longest continuous data record of nutrient
chemistry on that water body. Although these data are of
great value, they were not intended to dovetail with other
data sets to detect basin-wide changes in environmental
quality.
The use of disjointed data sets leads to results that are
frequently inconclusive, and the recommendations that
result are controversial. This provides an overdose of
frustration and mutual mistrust between scientists and
resource managers.
As an example, we are involved in analyzing trend
data from a variety of sources for the Patuxent River, a
tributary of Chesapeake Bay. When we began this
process there was a raging controversy between county
jurisdictions over nutrient loadings to the river that
resulted in lawsuits and counter-suits. We went through
data drawn from a utility impact statement, data from
unfocused research questions, and data from state
agencies, and we tried to analyze these for trends—with
the greatest frustration. This conflict ultimately led to a
facilitated conﬂict resolution; to greater regional, and new
national, interest in restoring the bay; and to an
appreciation for good monitoring data.
By contrast, our satellite laboratory, Stroud Water
Research Center, has, for 18 years, been monitoring many
parameters in a stream watershed that is protected as a
National Science Foundation Research Reserve. This
program was designed to achieve a predictive capability; and
those predictions have been, or are now being, tested in other
river systems in North America. It is a program that spans
some 19 rivers up and down the east coast from Quebec to
Florida. These results are more conclusive and of greater
value to answering questions ofresource managers.
The academy has had a long-standing interest in
establishing monitoring programs to define both short— and
long-term variability and cycling. To accomplish this in a
medium that transcends boundaries, be they state or
national, we have to produce coordinated and integrated
data collection designs if we are to provide reliable,
predictive statements of environmental trends. The key
words are "coordination" and "integration". To those of us
familiar with this scenario, the involvement is a consuming
and formidable task, but the results, I believe, are worth the
effort.
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. . . sage remarks
reminding us that
changes in both
the observed
and the observer
(e.g., a government agency)
need
to be
monitored.
—- a workshop participant
 
Why Monitor? . . .
One
set
of a
nsw
ers
fro
m t
he
pri
vat
e se
cto
r, f
rom
the
con
ser
vat
ion
organization with the most extensive preserves
The Nature Conservancy works to protect natural diversity through a
bal
anc
ed
pro
gra
m
of
iden
tifi
cati
on,
lan
d
prot
ecti
on,
and
man
age
men
t.
Biol
ogic
al
mon
ito
rin
g is
an
imp
ort
ant
com
pon
ent
of
the
Con
ser
van
cy'
s m
ana
gem
ent
pro
gra
m.
Bec
aus
e m
oni
tor
ing
can
be
very resource consumptive, the decision to monitor is made
conservatively.
Identification involves the selection of species and communities
most in need of protection and is primarily accomplished through
state-based inventories called Heritage Programs. To date, these
inventories have been established in 35 states to identify which species
and communities are rare or endangered and to locate the best
occurrences of these. This identification process provides the
information needed to make land protection decisions. Land
protection involves bringing critical habitat under some form of legal
protection. But land protection, whether through registration,
conservation easement or fee acquisition, cannot alone assure the
long-term preservation of the species or communities of interest.
These critical elements are still subject to ecological changes such as
succession and various disturbances both natural and anthropogenic
and thus can require management attention. The Nature
Conservancy's stewardship program is responsible for providing
adequate management for the species and communities that occur on
Conservancy preserves and are both endangered and in need of
management...
Monitoring, the identification and measurement of change over time,
can play an important part in any biological management program, by
identifying when management intervention might be needed and
tracking the success of management actions. Monitoring, however,
can involve a large commitment in time, labor, and money and thus
warrants careful consideration before being initiated.
The Nature Conservancy has been trying to use biological monitoring
as a cost effective tool on its preserves by seriously considering the
policy questions of why monitor, what to monitor, and when to
monitor.... The policy issues must be resolved first to ensure that
monitoring programs are addressing the right questions and are only
developed when the information is needed to further Conservancy
goals.
— Steven C. Buttrick, "Biological Monitoring: The Nature
Conservancy's Perspective" (March 21, 1984)
Bruce L. Bandurski
TbMN Workshop Director
International Joint Commission, United States and Canada
(on secondment from the U.S. Department ofthe Interior)
Thank you for coming. You're appreciated.
Cross-fertilization of ideas can be either an
impediment or a catalyst to progress. We're counting on
the whole of this diverse representation to be more than
the sum of its parts. The background materials sent you,
plus what you will hear here, comprise a treasure house
(or perhaps compost heap) of rich ideas. Some of these
ideas may not be implementable with today's methods;
others are. It is not so important whether they are or not.
What is important is that each of us use these ideas to
stimulate her or his own thinking, to carry us further,
and to generate yet more ideas.
This is the week in which we celebrate the supposed
discovery of our continent. It seems a fitting temporal
setting for our workshop. We are interested in
discovering pertinent old facts, as well asthose that are
seen as new. We are also interested in discovering
mistaken notions, so that they may be corrected. "What a
man doesn't understand, he doesn't have," said Goethe. I
disagree somewhat in the case of boundaries. We have
boundaries whether or not we understand them. In fact,
that is what has brought us here. We must better
understand the boundaries of living systems if the
freedoms we cherish are to be optimized in today's
context. It's the same need that generated the study
provisions (Title IX) of the Boundary Waters Treaty of
1909.
The purpose of this workshop is catalysis. It is to
provide you a special opportunity to explore the role that
a transboundary monitoring network might have in
pursuing net human beneﬁt. That's the purpose.
The general plan of the workshop will allow us to look
outward when that seems called for. The desired effect of
the workshop, and of this format, is convergence —
focusing on the commonalities of monitoring, rather than
highlighting the differences we each perceive. We hope to
facilitate journeys from disciplinary peaks to
interdisciplinary plateaus to the transdisciplinary whole
Earth, in providing context for a U.S.A./Canada
transboundary monitoring network.
If the need for a transboundary monitoring network,
however we deﬁne it, becomes apparent, this forum should
help us explore such a network. We trust the format will
also allow us to continue the search for a conceptual
framework that would guide us in our commitment of effort
to monitoring and to other features of our decision support
system.
The carefully prepared background papers were
provided to start the search with some common
understandings. The ground-level question was posed by
Commissioner Bulen: What is the state of health of the
boundary between Canada and the United States of
America? Lots of monitoring has been done and is being
done along the boundary. The question derives from a
reasonable expectation about results of that monitoring
that might provide answers.
The matter is a serious one. The reply should come from
a synergistic effort that enfranchises (includes) all who
might be part of the subject matter.
Now you know why I supposed and suggested that we
ought to hold this workshop. I believe we are in need of a
transboundary monitoring network which would allow
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us to answer the question better than we now are able,
particularly as the question's context deals with
tomorrow as well as today.
At the same time, such a proposal should be carefully
scrutinized before many commitments are made to it.
The proposal needs more formulating, and it needs
criticism. Like Matthew Arnold, I'm bound by my own
definition of criticism: "a disinterested endeavor to learn
and propagate the best that is known and thought in the
world".
I'm gratified at the turnout for this workshop, because
with this crew, such criticism may be achievable
regarding this proposal and the context set forth. As
Hans Selye noted, "Our facts must be correct. Our
theories need not be if they help us to discover important
new facts."
Next, I introduce one extremely evident as we sought
help in shaping this workshop. His name is Trefor
Reynoldson. He's a limnologist in the U0 Great Lakes
Office. Trefor, it's your turn.
[Ed. Note: These remarks provide a very brief overview and
summary of the workshop's purpose. For an in-depth exploration of
the rationale underlying the convening of this workshop, see "Being,
Behaving/Becoming: An Explanation of Transboundary Monitoring
NetworkWorkshop Purpose and Format," in Appendix A.]
 
discovering mistaken notions, so that they
may be corrected
Science, itself, is not as well monitored as it might be. "The
depreciation of historical fact is deeply, and probably functionally,
ingrained in the ideology of the scientific profession, the same
profession that places the highest of all values upon factual details of
other sorts... The result is a persistent tendency to make the history of
science look linear or cumulative, a tendency that even affects
scientists looking back at their own research... What all of Dalton's
accounts [of the development of his chemical atomism] omit are the
revolutionary effects of applying to chemistry a set of questions and
concepts previously restricted to physics and meteorology. That is
what Dalton did, and the result was a reorientation toward the field,
a reorientation that taught chemists to ask new questions about and
to draw new conclusions from old data."
— Thomas S. Kuhn, The Structure ofScientific Revolutions (1962)
Absorbing theTMWorkshop Preliminaries. from left: Lynton K. Caldwell, E. Frederick Roots, Lester w. Milbrath, William J. Cronon, E. Richmond Olson, L. Keith Bulen.
Trefor B. Reynoldson
Limnologist, Great Lakes Regional Office
International Joint Commission, Canada and United States
Good morning. Many words will be spoken over the
next two days and listened to. But in addition to that, I
have been asked, and have attempted, to assemble some
visual representations that will place the issues we are
addressing over the next few days within some context.
Outside, on the wall, you will notice some displays. In
addition, during the coffee break, a few slides will be run.
What these try to illustrate is, ﬁrst, what is, in fact,
the Transboundary Region. This is not just the 49th
parallel, but rather the Transboundary Region in an
environmental, an ecological, and a sociological context.
What is the extent of monitoring currently being done in
that area? As an example, if one looks at a single
tributary of the Detroit River over a20-year period, more
than 250,000 chemical analyses and data points have
been generated from that tributary. So it's quite clear
that while there is a vast amount of information out
there, its value has yet to be determined.
The second nonverbal piece of information, or
direction, that we have provided will be seen this evening
at the banquet at the Franklin Institute. There will be
available some examples of different ways in which we
can communicate among ourselves both as scientists and
as decisionmakers and managers. It's quite clear (to me
anyway) from my short time in this game, that there is a
major communication gap between the two groups. Some
of the examples this evening will perhaps give you an
indication ofways in which that gap can be bridged.
The third component to this effort will be a longer
presentation by Mr. Paul Freedman of Limno-Tech
Associates, who will present an in-depth demonstration of
one way in which this communication gap can be bridged.
That's all that I have to say, and it's my pleasure now to
introduce Commissioner Bulen from the United States.
 
There are obviously many environmental problems that cannot be
solved without long-term studies by large research teams. But it is
pointless and wasteful to initiate such studies without a clear and
reliable strategy for insuring continued coordination and cooperation,
particularly on issues that the individual specialist will tend to avoid.
— C.S. Holling et al. in Adaptive Environmental Assessment and
Management (1978)
Baseline data collection is often viewed as merely descriptive or as
number gathering with no purpose in mind. Presently the natural
landscape is being altered by a resource management that tends to
significantly change the natural world. As this is happening it
becomes more and more important to know what is being lost, and to
understand the patterns and processes of a rapidly diminishing natural
landscape. In the face of these changes, baseline monitoring becomes
all the more important.
— Sarah E. Greene, "Botanical Baseline Monitoring in Research
Natural Areas in Oregon and Washington" (1984)
How many samples should I take? How large should each sample be? I
have more than one biological variable of interest and more than one
environmental variable to explain them with — what should I do?
What can I do about missing samples? How can I analyze presence—
absence data? The answers are scattered through a diverse
literature and a great communication gap exists between the
statisticians who know the principles of proper sampling design,
hypothesis testing, and data analysis and the biologists who need
to apply them to environmental studies. l wrote this book not to
supplant the existing literature, but to organize and make it
accessible. In a sense my motives were selfish. l was tired of answering
the same questions and making the same complaints about the results
of studies where no one had bothered asking questions at all before
heading into the field.
— Roger H. Green, Sampling Design and Statistical Methods for
Environmental Biologists (1979)
_
_
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Long-term studies may take lifetimes or they may be assisted by
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documentation of the marVenvironment relationship:
In those days said Hiawatha,
" Lo! how all things fade and perish!
From the memory of the old men
Pass away the great traditions,
The achievements of the warriors,
The adventures of the hunters,
All the wisdom of the Medas,
All the craft of the Wabenos,
All the marvelous dreams and visions
Of the Jossakeeds, the Prophets!
Wise men speak; their words of wisdom
Perish in the ears that hear them,
Do not reach the generations
That, as yet unborn, are waiting
In the great, mysterious darkness
Of the speechless days that shall be!
" Face to face we speak together,
But we cannot speak when absent,
Cannot send our voices from us
To the friends that dwell afar off; "
Thus said Hiawatha, walking
In the solitary forest,
Pondering, musing in the forest,
On the welfare of his people.
From his pouch he took his colors,
Took his paints of different colors,
On the smooth bark of a birch-tree
Painted many shapes and figures,
Wonderful and mystic figures,
And each figure had a meaning,
Each some word or thought suggested.
I!
— Henry Wadsworth Longfellow,
"Hiawatha" (1854-55)
[Tlhink of poor Darwin, writing in his journal at a table in the belly of
the Beagle, green with seasickness to an extent that required him to
lay down his pen and, as he put it, "go horizontal" for awhile — and
he was seasick during almost all of the voyage. Think of Lewis and
Clark writing in their journals while reduced to eating roots and
rotten fish (because they had run out of dogs), writing while starving
as they crossed the Rocky Mountains, or camped on a logjam in the
south of the Columbia River, still writing in their journals as the tide
shifted and rolled the logs, and rain fell endlessly. Things could be
worse. When Thomas Jefferson wrote instructions to Lewis and
Clark he was very clear about their obligations to keep journals:
“Your observations are to be taken with great pains and accuracy, to
be entered distinctly, and intelliginy for others as well as yourself, to
comprehend all the elements necessary... Several copies of these, as
well as your other notes, should be made at leisure times ..., to guard
by multiplying them, against the accidental losses to which they will
be exposed. A further guard would be that one of these copies be
written on the paper of the birch, as [it is] less liable to injury from
damp than common paper."
— Steven G. Herman, The Naturalist’s FieldJournal: A Manual
of Instruction Based on a System Established by Joseph
Grinnell (1980)
A-squatting on a thymy slope
With vast of sky about me,
I've scribbled on an envelope
The rhymes the hills would shout me;
The couplets that the trees would call,
The lays the breezes proffered
Oh no, I didn't think at all—
I took what Nature offered.
—- Robert W. Service, "Inspiration"
Field marking is where the documentation job starts (not counting
the initial study plan). Future scientists have to be able to relocate
plots, which requires detailed maps or carefully marked aerial
photographs, detailed instructions, and, often, route markings on
the ground.
— Jerry F. Franklin, "Keynote Comments: Prophylaxes For Our
Research Natural Area System " (March 21, 1984)
 
 Bulen
The Need for an Effective Transboundary
Monitoring Network
Commissioner L. Keith Bulen
Workshop Co-Chairman
International Joint Commission, United States and
Canada
Thank you Trefor. Dr. Patrick, gentlemen, welcome of
course.
I commence by expressing my genuine gratitude to each
of you for taking precious time from your personal agendas
to explore with us an extraordinarily complex and
important topic. Each of you brings to the discussion a
unique and important perspective from your chosen field,
and I'm impressed that you've accepted our challenge.
In preparing our agenda, we sought source material,
recommendations, advice, etc., from many others. The
responses of most all the people that were contacted were
tremendous. They asked to be kept informed and to be
placed on our mailing list for circulating the transcript and
papers that have come forth, and will come forth, from this
workshop. We certainly intend to so do in order to keep
alive the impetus that we hope to initiate here. Our budget
was relatively limited, and invitations were select. Those
few that were extended invitations and were unable to be
here, of course, have asked to remain a part of this family.
[Ed. Note: On p. 20 is one such response, for example]
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Department of Natural Resources
OLYMPIA, WASHINGTON “551513;,3315,
98504
ll September 1984
Bruce L. Bandurski, Ecologist
U. S. Section, International Joint Commission
ZOOl 5 Street
Hashington, D.C. 20440
Dear Bruce:
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e r
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ser
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of
questions and observations.
Hor
ksh
Op
att
end
ees
wil
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fol
low
ing
que
sti
ons
:
. Hhat is the "real" objective of the workshop?
.
Wha
t a
re
the
pri
vat
e a
gen
das
dis
cer
nib
le
aro
und
the
tab
le?
Hho
are
the
pri
nci
pal
pla
yer
s?
Wha
t i
s t
hei
r i
nfl
uen
ce
and
sta
tur
e i
n t
he
sci
ent
ifi
c c
omm
uni
ty?
In
the
pol
iti
cal
are
na?
. Hhat are some of the discernible politics of the focus
sit
uat
ion
?
Wha
t i
mpa
ct
will
cha
nge
s i
n C
ana
dia
n a
nd
Ame
ric
an
leadership have in the innediate future for the focus
situation?
. th now?
Atte
ndee
s s
houl
d as
k th
e p
rece
ding
ques
tion
s.
In a
ddit
ion,
they
shou
ld
clarify the following:
. Hhat commitment will I be expected to make? Hill I want to
make?
. Hhat is the next step? For the group? For me?
. Hhat resources have been used to date? What resources will be
required for any continued involvement?
Hho is on the line to produce?
. Hhat product will be an innmdiate (within the year)
expectation?
. Hhat product will be demonstrated success of the project
within the next three years?
Bruce Bandurski
Page 2
September ll, l984
In addition to the questions raised by the attendees the workshop
leaders should be certain to identify early what it will take to make
the workshop successful for the principal attendees. I assume that the
workshop leaders would work to ensure that those whose continued
commitment is needed will walk away from the workshop with a feeling
that their time has been well invested and that they have accomplished
at least one major demonstrated success.
No one has cornered the market on identifying "waterproof glue" for
successful long term projects. The one you are undertaking is an
innovation for the International Joint Committee. In the past the IJC
has concentrated on responding to identified site specific problems.
Hhat you are proposing now is a departure for both the IJC and, in a
sense, for the two border nations.
Such an innovative approach, such an anticipation of a future need will
require an unusually high level of personal commitment from those who
"carry the torch" into the future. For such a project individuals are
the necessary "glue."
The success of your project will beassured by individuals who have
“captured your dream." These individuals will have a high level of
personal commitment to a concept which fires their imagination. They
are recognizable, not by their organizational position nor by their
present level of influence, although both are desirable at a high level.
They will be recognized by their potential for continued influence.
You wili have the difficult task of personally identifying these
individuals. The increased visibility of the IJC as a recognized
government mover will help shore up any lagging commitment, but the real
"glue" will be the individual's "buying" of your concept as a personal
one. In summary, the two principal elements of the successful
continuation of your project will be a high level of commitment and a
sense of personal ownership for the underlying concept which will be
reflected by several key individuals in both nations over the next five
years.
I.am encouraging you, albeit from a distance this time, as you take the
first major step in fulfilling a dream. I wish you every success in
making it a reality. Keep in touch.
Sincerely,
W
W
W
Mary Jo Lavin, Ph.D.
Deputy Supervisor, Services
MJdeb
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I also want to thank my fellow Commissioners on the
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been reticent in venturing out on limbs and suggesting
adv
oca
cy
pos
iti
ons
on
iss
ues
.
The
re
hav
e
bee
n
con
ser
vat
ive
com
mis
sio
ns
in
the
pas
t,
the
re
hav
e b
een
ﬂam
bo
yan
t c
omm
iss
ion
s i
n t
he
pas
t, a
nd
the
re
hav
e b
een
som
e r
eal
gia
nts
in
the
his
tor
y o
f o
ur
ins
tit
uti
on.
But
I
wan
t
to
com
pli
men
t
Cha
irm
an
Mc
Ew
en
,
Cha
irm
an
Sea
bor
n,
Com
mis
sio
ner
Tot
ten
,
and
my
dea
r
fri
end
Co
mm
is
si
on
er
Ols
on,
wh
o i
s t
he
wo
rk
sh
op
co-
cha
irm
an.
I w
ant
to c
ong
rat
ula
te
the
m f
or v
ent
uri
ng
for
th
her
e a
nd,
to
an
ext
ent
, f
or
goi
ng
out
on
a l
im
b a
nd
put
tin
g a
ll
of
us
in an advocacy position.
I
wa
nt
to
th
an
k
the
wo
rk
sh
op
sta
lwa
rts
her
e,
co
mm
en
ci
ng
wit
h B
ru
ce
Ban
dur
ski
,
wo
rk
sh
op
dir
ect
or,
wh
o h
as
com
ple
tel
y d
evo
ted
his
ent
ire
bei
ng,
hea
rt,
sou
l,
spi
rit
,
an
d
wha
t-h
ave
-yo
u.
If
I
say
he'
s
our
lar
ges
t
co
nt
ri
bu
to
r
to
th
e
wo
rk
sh
op
,
I'
m
su
re
you
'll
un
de
rs
ta
nd
bot
h
fig
ura
tiv
ely
an
d
lit
era
lly
wh
at
I'm
sp
ea
ki
ng
ab
ou
t.
As
si
st
in
g h
im
ha
ve
be
en
Mi
ke
Co
lb
y a
nd
ot
he
r
me
mb
er
s
of
th
e
ta
sk
for
ce:
Ro
ge
r
Bu
rw
el
l,
Dr.
Tre
for
Rey
nol
dso
n,
Dr.
Pet
er
Ha
ug
,
an
d D
r.
An
dy
Hamilton, senior environmental advisor of IJC Ottawa,
who has been influential and substantial in the
preparation.
I want to thank the speakers and presenters who will
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my obligation is to stay on the schedule in the green book
[Ed. Note: the printed program, Appendix A, pp. 302 —
312.]. Introductions, therefore, will not do justice to the
very distinguished persons whom we have been fortunate
to attract for this workshop.
I want to thank as well the participants on the panel
this afternoon and in tomorrow morning's working groups.
I also thank, in advance, the chairman/facilitators and the
rapporteurs of those groups. And particularly, as a point
of special privilege, I'm pleased and grateful that a very
remarkable and special human being in my life, and I
think in the world, will be your major speaker at this
evening's banquet. That's former Ambassador, Dr. Glenn
Olds. Dr. Olds is now president of Alaska Paciﬁc
University. He's accompanied today as on many occasions
by his lovely, gracious, and talented wife, Eva, the other
Dr. Olds. I suspect they'll spend considerable time with us
during the workshop. He's not just a banquet speaker.
He's much more than that to me, and to this workshop. I
hope in the course of the coffee breaks and other pauses
that you'll have an opportunity to meet and discourse with
them. They're very special people.
It is increasingly evident that the tools of the past and
present surely will not be adequate in approaching
env
iro
nme
nta
l p
rob
lem
s o
f t
he
fut
ure
.
Ou
r
abi
lit
y t
o
mea
sur
e a
nd
to
qua
nti
fy
has
bec
ome
mor
e s
oph
ist
ica
ted
.
As Dr. Patrick has indicated, we can measure, to the parts
per billion and trillion, the presence of certain chemicals;
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collected data, but we lack a process to utilize those data
in combination with other data to comprehend, to gain
insight to and understanding of, the state of the world in
which we live and will continue to live.
 
Our knowledge of whole living systems is generally
being acquired by unstructured retrospection and
serendipity. Rather than formulating considered
strategic measures to better understand our living
systems, we have too often responded piecemeal,
with reductionist procedures after the fact, and have
targeted symptoms rather than causes.
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Recently, a Reagan Administration task force
assembled more than 1,500 committed and experienced
U.S. businessmen for the purpose of a top-to-bottom
survey of Federal government. That commission
concluded, "The government is loaded with data, but it
has no information." In so many words, it further
recognized the lack of governmental ability to address
problems of whole living systems. In 1977, the National
Academy of Science issued a report which concluded that
the nation's information about environmental quality is
deplorable and unnecessarily bad. In its 1982 report on
the state of the environment, the Conservation
Foundation was still able to say, without contradiction,
that we have no monitoring data sufﬁcient to describe
accurately the extent, or the developing seriousness of
any environmental problem.
Now, before I alienate my IJC family out here, let me
immediately state some exceptions. There have been
some grand examples of cooperation, joint monitoring,
and binational exchange of data, particularly when
references are given to the IJC under the 1909 Boundary
Waters Treaty, and in furtherance of the '72 and '78 Great
Lakes Water Quality Agreements. These experiences, I
think, provide a splendid underpinning and serve as
pioneer experiences for exploring an integrated binational
monitoring system either as a result of this TbMN
Workshop, congressional action, or other subsequent
proceedings.
Unfortunately, however, current approaches are often
reactionary, departmentalized, narrowly disciplinary, and
focused medium-by-medium or pollutant-by-pollutant.
Such approaches scrutinize pieces of environmental
problems, often failing to provide consistent and coherent
attention to the net effect of man's inﬂuence on the
environment. Our knowledge of whole living systems is
generally being acquired by unstructured retrospection
and serendipity. Rather than formulating considered
strategic measures to better understand our living
systems, we have too often responded piecemeal, with
reductionist procedures after the fact, and have targeted
symptoms rather than causes. We are overtaken by
adverse events, rather than anticipating and, hopefully,
obviating them. Should we not devise an ecomanagement
strategy that focuses on causation as opposed to symptoms?
The alternative is to be overwhelmed by an unending
series of reactive tactics in the face of costly pollution
damage and irreversible injuries to our life-support system.
Surely without some more systematic approach, we will not
orient or anticipate effectively.
Governments, not unlike the disciplines of science and
higher learning, are necessarily structured through
echelons departmentalized to give attention to particular
problem areas. This arrangement can, and often does,
work for demarcated problems or issues. Unfortunately,
however, our quality of life is not always divided into
departments or environmental media or disciplines or
totally distinct species. Our ecosphere is dynamic,
complex, uncharted, and dependent upon vital
interactions and processes between organisms and their
physical environments. These interrelationships defy
management understanding by static approaches. Many
existing programs, by themselves, have serious
limitations. However, they can work effectively when
integrated in a whole-system approach that attempts to
deal with connections, as well as with individual parts.
Congressman George Brown is an advocate, supporter,
and author of legislation to establish a national
monitoring strategy. In remarks before the American
Water Resources Association's 20th annual conference in
Washington just last August, he concluded: "Federal,
state, regional, and local agencies each conduct their own,
often unrelated, monitoring programs, according to their
own institutional needs. The result is a haphazard and
uncoordinated system where data collection is duplicated
by more than one agency, or not collected at all. Witnesses
from a wide variety of scientiﬁc, academic, and regulatory
backgrounds decried the wide-spread failure to collect
data in accordance with scientiﬁc techniques. Widely
varying standards and measuring techniques result in
inconsistent and often low-quality data."
Monitoring and surveillance efforts are costly. The
governments of Canada and the United States are
spending literally hundreds of millions of dollars each
year to monitor several aspects of environmental quality.
Our CEQ in 1980 reported that an interagency task force
on environmental data and monitoring identified about
40 U.S. federal programs to monitor air quality run by 10
different agencies and at a cost of about $92 million per
annum. There are more than 100 water quality
monitoring programs run by 20 different U.S. federal
agencies with an annual expenditure of approximately
$275 million. I'm sure this is but a fraction of the total.
Such figures do not reﬂect the Canadian, the provincial,
state, regional, local, and private efforts. The CEQ report
also acknowledged that because the ecological monitoring
programs are difficult to identify, an estimate of total
expenditures really could not be made. In 1980, the CEQ
estimated the nation's expenditures in pollution abatement
for the 1979-88 decade to be in the neighborhood of $735
billion — not million — billions of dollars. That prompted
our friend Walter Lyon (who was testifying in support of
HR. 5958, and who is a valuable member of our IJC family
presently serving on our Science Advisory Board under the
Great Lakes Water Quality Agreement) to say that
amounts that large should certainly require a more
powerful planning tool and a more reliable measure of
progress then we presently have in place.
 
Should we not devise an ecomanagement strategy
that focuses on causation as opposed to symptoms?
The alternative is to be overwhelmed by an unending
series of reactive tactics in the face of costly pollution
damage and irreversible injuries to our life-support
system. Surely without some more systematic
approach, we will not orient or anticipate effectively.
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Governments and industries face increasing demands
for natural resource data as a result of mandated
requirement programs. Understandably, cost-conscious
data producers (including responsible government
agencies) tend to structure their data input narrowly to
meet specific needs. As a consequence, the information
they collect is often a one-time, one-user production. In
addition, similar data are often collected by other entities
at various levels, resulting in duplications, overlap, and
data that are incompatible, not readily available, and/or
not usable for other purposes. To quote again from
Congressman Brown's remarks of last August, "Although
the nation commits tens of billions of dollars per year to
environmental management, there is no adequate over—all
monitoring system which could provide the knowledge for
ensuring that this money is well spent."
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To summarize and re-emphasize, most agencies and
private undertakings have a program or project mission;
but it represents only apart of the ecosystem, and their
data do not often serve adequate decisions concerning the
system as a whole.
The International Joint Commission regularly deals
with matters which neither the United States nor Canada
should decide unilaterally. Typically, we've been
obligated to consider the state of the environment only
piecemeal and only at, or near, legal boundaries. Yet, the
environmental values covered by the Boundary Waters
Treaty of 1909 are inextricably linked to an ecosystem
whose boundaries only sometimes bear relation to the
national border. This ecosystem may dip south, where the
issue of acid rain is concerned, or north, where migratory
birds or whales are concerned. Atmospheric and non—
point depositions are now viewed as major water
polluters.
Large amounts of our nation's resources are being
spent on monitoring the environment. These
resources are not being utilized cost-effectively....
What must be discussed and considered is a
monitoring/surveillance effort designed to
accommodate requirements for both scientific
programs and public policy decisions at all levels.
We can't predict the future accurately. We don't know
what questions will be asked, what value systems will be
judged, but we do know that sound environmental
information is required to make informed decisions. We
have this opportunity to begin now to develop the basis for
collecting and synthesizing such information.
One of the strengths of the International Joint
Commission is its ability to establish a common data base
on which both parties in a dispute can agree. However, one
of our frequent frustrations has been, of course, the
inability to locate appropriate baseline data. The bill HR.
5958, the Environmental Monitoring Improvement Act of
1984, states, " in recent years no signiﬁcant progress has
been made toward correcting the many problems in
environmental monitoring..." [Ed. Note: The entire bill
can be found in Appendix B, pp. 397 — 403.]
Large amounts of our nation's resources are being spent
on monitoring the environment. These resources are not
being utilized cost-effectively. Improvements could be
made in our nation's environmental monitoring programs
and the international programs in which the United States
participates. Such improvements could result in more
economical and efficient use of our resources to gain more
and better information for managing the environment.
What must be discussed and considered is a
monitoring/surveillance effort designed to accommodate
requirements for both scientific programs and public policy
decisions at all levels. Perhaps a reasonable analogy
would be efforts being conducted by the health statistics
programs and by our weather services.
Why shouldn't more such efforts be orchestrated, with
reasonable state and local participation, in order to meet
broader environmental management goals? And why
shouldn't more of it be done in an integrated, binational
way? If not by the United States and Canada, the grandest
allies and the greatest trading partners, then by whom?
And if not soon, when?
 That's the goal of the workshop. With your help, we
hope to establish a heightened concern and constructive
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ecological processes critical for maintaining health,
property, and prosperity in our two countries. Any
strategy for devising a unified approach cannot be the
responsibility of one nation or the other. It should not be
left to any one individual, group, or organization.
Any successful transboundary monitoring strategy
consideration will require that each of us shed the
artiﬁcial, single-disciplinary blinders through which we
are accustomed to viewing, if we are to come together to
develop any conceptual framework to understand and
identify a real system in which we can eat, drink, breathe,
work, and live in harmony. During the very full two days
of this workshop, we will be asking you to the extent
possible to temporarily relax your individual and
institutional perspectives and needs, and join in exploring
a theoretically sound, systematic approach to monitoring
the health of the living system formed by our two societies.
We hope that you will find this exercise stimulating and
worthwhile. If we are somewhat successful, we may just be
on the way toward developing the tools we need to become
better stewards of the precious resources which we borrow
from the future. Workshops and conferences occasionally
get excited, even become pregnant, but often fail to
complete gestation. At a later part of our programming, a
follow—up or post-workshop procedure will be discussed
with all ofyou.
Thank you again for your participation and hopefully
your support.
 
The Commission [the International Joint Commission] would have
little unique to offer to the better management of Canada-United
States relations if, within it, business were to be conducted along
national lines. Let me explain. If all matters brought before the
Commission were to result in an automatic division between
Canadian and American commissioners, the effect would be to
create yet another forum for negotiation between the two
countries. Canada and the United States have no need for such a
forum — they can argue with eachother very readily elsewhere.
What they need is a place that encourages the solution of a given
problem based on the facts of the case in an atmosphere one or two
steps removed from competing national political or diplomatic
interests. By and large, successive commissioners over the years have
recognized this point and have opted to operate as a collegial
whole. The success of their efforts can be seen in the fact that on
only two or three occasions since it began to function in 1912 has the
Commission divided along national lines. The need to preserve this
heritage of collegial objectivity has never been greater than it is
today.
— Raymond M. Robinson, "The Rule of Law Between
Nations—An Acid Test" (October 1982)
[F]riends continue to have a central role in the adjustments we must
make along the way of life, supporting us in learning about new ways
of living, encouraging ourattempts to find new ways of being.
— Lillian B. Rubin, Just Friends: The Role of Friendship
In Our Lives (1985)
[T]he process of coordination requires
an initiating and focusing mechanism;
leadership need not propose solutions
in order to lead the way
in discovering them.
— Lynton K. Caldwell, " Population and Environment:
Inseparable Policy Issues" (March 1985)
25
 
 Perspectives II
(On Transducing Input From the Environment)
 
26
 
The cooperative contributions of all the
biological and social sciences, as well as some
physical science, engineering, mathematics,
logic, and statistics, are needed for
understanding life at all levels...
As the number of facts in these various fields
has increased many scholars have
attempted to protect themselves against
information overload by specializing in a
given area. They generally accept the
traditions, terminology, and modes of
thought of that area. They get their recognition, rewards, and
esteem from their colleagues with similar interests...
 
Scientists differ in style and vary in taste. Their interests in subject
matters range from sex to gall wasps, from polymers to polyandry.
Some are "clinicians" concerned with individual organisms, groups,
organizations, or societies. Others are general theorists. Some enjoy
collecting data, and others enjoy analyzing them. Some are
quantitatively minded, and others are not. Some care more for
elegance of method than for a new finding. Others prefer the
reverse‘. In science they all have a valuable role.
Specialists qualify as such by learning the details of their field — as
they should. They concentrate on them rather than the similarities
between their own area and others which they do not know so well.
To many specialists the differences between the subject matter of
their own and another scientific field are so obvious that it is hard for
them to believe that commonalities could exist which would make
findings at other levels relevant to what they do. If anyone makes
the implausible suggestion that they investigate a seemingly
unrelated area, they may become impatient and be unwilling to
invest much time in such an undertaking because they calculate that
the payoff will be low. Nevertheless, if there is a continuity of science
resulting from a continuity of nature, important relationships of this
sort must exist. Someone should study them.
The scientific endeavor is a large-scale living system ——- a worldwide
enterprise. Specialists, discoverers, methodologists, experimentalists,
theorists, applied scientists, practitioners —— all are essential. But so
also are synthesizers, reviewers, critics, and bibliographers. All the
necessary system components, from discoverers to practitioners —-
from input to output — should be welcomed, supported, and
rewarded if science is to serve humanity.
Characteristically, general systems research on living systems is
concerned with confirming or disconfirming a hypothesis relevant to a
given critical subsystem or to an adjustment process or other aspect of
a total system. This is tested on one type of system at one level. The
question may then be asked whether the same proposition has been
or could be tested on other types of systems at the same level or on
systems at other levels, using comparable dimensions. lf functions of
variables or similar mathematical models are applicable at more than
one level, this cross-level formal identity interests the general systems
scientist. Differences among levels are also interesting. Identities and
disidentities must both be considered to obtain full understanding of
the phenomena of life.
At each of the levels of living systems, the variables and indicators are
derived from more than one academic discipline. The general systems
approach is necessarily interdisciplinary, even antidisciplinary. No
traditional academic discipline prepares a scientist to deal with all the
relevant variables of a living system...
— James Grier Miller, Living Systems (1978)
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factors or key ingredients in a successful program. By fostering the
development of these common factors, a group interested in long-
term monitoring will be a long way toward resolving what to
measure and how to maintain the program.
The common factors of a successful monitoring program are: (I)
a diverse and vigorous research program; (2) common research goals
or interests; (3) a spirit of cooperation or willingness on the part of
researchers to share responsibilities and data; (4) an administrative
structure to coordinate the monitoring activities; (5) clearly defined
responsibilities for collection and maintenance of data; and (6) a
central [it could be a distributed structure] data bank. Stable
financial support is a major factor, but if all the other ingredients are
there, the financial issues become largely a matter of coordination...
Other terms sometimes used for central data bank are data
management center or quantitative services group. All data sets
collected as part of a monitoring effort should be well documented,
carefully edited, and readily available. The experience at the
Andrews Forest has been that a well supported data bank, staffed
with qualified people who are dedicated to data management, is
essential. The monitoring program at the Andrews did not work
well during the period when individual investigators were
responsible for editing and archiving their own data. The standards
of documentation varied greatly from researcher to researcher but
generally were inadequate. Delays were common in obtaining
requested data. A gradual appreciation of the benefits of having a
central data bank resulted in the development and establishment of
our current facilities. Data are now readily available, with the
assurance they have been carefully edited and are well documented.
The data management people also provide statistical analyses, assist
in experimental design, and help the scientists with a variety of
quantitative services.
The data bank has grown beyond the immediate needs of the
scientists working at the Andrews Forest and is now a center for data
management at several departments at Oregon State University. Its
own success is a reflection of the value of the services it performs. This
is not meant to suggest that each site needs such a large investment in
a data bank. The message is clear, however, for any monitoring
effort: do not ignore the needs and costs of maintaining quality data
and have someone in charge of documenting, entering, and editing
the data...
Some of these [factors contributing tosuccessful implementation
of the monitoring program] are intangibles and difficult to establish.
A spirit of cooperation and common research goals are not off—the-
shelf items. They require considerable care in nurturing and, once
established, require continual attention. In a program of this
magnitude coordination would be impossible without cooperation.
— Arthur McKee, " Integrating Academic and Agency Research
Interests at the HI. Andrews Experimental Forest" (March 21,
1984)
Your facts are useful,
and yet they are not my dwelling,
I but enter by them,
to an area of my dwelling.
—— Walt Whitman, "Starting From Paumanok"
Both reductionism and holism seek clear description and identification
of useful holon boundaries with a view to finding consistent
explanatory principles... Clearly a dual reductionist-holist strategy is
optimal... In ecology, finding the scale and fixing the appropriate
boundaries is one of the most crucial parts of the study.
— T.F.H. Allen and Thomas B. Starr, Hierarchy: Perspectives for
Ecological Complexity (1982)
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"Our facts must be correct. Our theories need not be if they help us to discover important new facts."
How can we accumulate the necessary background information to
judge whether a proposed environmental problem is really a
problem? I believe that a major priority for ecology today is to
establish long-term studies, including high-quality monitoring
programs, in a variety of ecological systems throughout the world. l
contend that such research would be of enormous value in
identifying and alleviating major environmental problems.
Ecological observation and natural history are among the oldest of
the biological sciences ...; although such studies are interesting and
valuable, they often do not provide answers to complex
environmental problems. We need, in addition, ecological research
designed to answer specified questions through quantitative and
sustained observation and experimentation of a single ecological
phenomenon or of an ecological system over long periods of time.
Qualitative and quantitative observations over long periods are vital
to formulate meaningful, testable hypotheses in ecology. Routine
observations or analyses provide a base of information, and the
necessary experience to develop meaningful hypotheses. I stress
meaningful because it is my view that much of what is called
ecological research today involves the pursuit of hypotheses that are
not well founded in empirical information...
The current fad is to generate a "sexy" hypothesis, often with little
regard for how realistic or meaningful it may be. Even though it
might sound "catchy" or unusual, it would make no sense for me to
stand here and state the hypothesis that a large green slimy monster
lives behind that door on the far side of this banquet room. A much
more realistic and efficient approach would be to state the obvious
and specific question: What is on the other side of that door? Then
go over there and find out! On the basis of that experience and
after poking around the building, especially if I were to find large,
wet footprints associated with green slime, a pertinent hypothesis
could be formulated and tested.
Experience with the basic units or the entire system is just as
important in ecological studies asit is in physics or biochemistry.
Numerous examples demonstrate that major advances in science are
— Hans Selye
frequently the combination of a serendipitous event or observation
in the context of bountiful experience with a system (Newton's apple,
Madame Curie's glowing in the dark, or Langmuir's orange peel). The
unusual observation only takes on significance because of experience
with the system. One must have enough curiosity and experience to
realize that the event or observation was unusual. Unfortunately,
because of the complexity of natural systems it may take longer in
ecology than in other disciplines to build up a useful background of
information whereby enough insight is gained to develop meaningful
hypotheses.
There are numerous examples which illustrate that 5 to 20 years of
baseline data are required to characterize the complexity of ecological
interactions or the complexity of ecological systems. Without an
accurate knowledge of that temporal complexity it is not possible to
develop meaningful and falsifiable hypotheses.
— Gene Likens, "Address of the Past President: A Priority for
Ecological Research" in Bulletin of the Ecological Society of
America (December 1983)
The education of the democratic citizen should seek to predispose
people toward rational debate, toward search for consensus on the
general good through reasoned and critical analysis of data, toward
acceptance of the right and obligation to participate in decision-
making, toward a skeptical distrust of claims of superiority, balanced
by readiness to accord respect if the claim is proved, toward a
conviction of the equal worth, at the outset, of all human individuals,
and toward the restless pursuit of knowledge — even if knowledge
shows that one’s deepest convictions are mistaken.
— Norman Goble, World Confederation of Organizations of the
Teaching Profession
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The Transboundary Region
Tracking the "temporal complexity" of flows of manufactured goods will be a
challenge to any TbMN. Just accounting for the origin and destination of the tens of
thousands of manmade commercial chemicals will be a monitoring task of great
difficulty — and from present signs -— of great criticality. In our history as
technologists, we have not proven adept at closing that awareness loop.
THE TRANSBOUNDARY REGION
SOCIO-ECONOMIC SYSTEMS
Flow of Metal Ores & Finished Products
   
<—Maior flow of raw materials
<---- Flow of finished products
0 Maior metal ore mining areas
D Major metal manufacturing regions
A Major commercial markets
The economic and social extensions of the boundary
region can be illustrated by examining the movement of
a single resource from its discovery and origin to its
transport, manufacture and sale. Economic decisions
and conditions, trade demands and international
markets can effect the movement of materials into the
Great Lakes region, and manufacturing and export of
finished goods from the region.
it's going to be tough establishing a baseline when not even rocks stay put...
Mucking Around in History
Dr. Bill Marshall, a geologist who lives in Lincolnville
and teaches at the University of New England, at
Biddeford, has probed glaciers and ice caps in the
Arctic and Antarctic and scaled mountains in New
Guinea, but for the past couple of summers the
Camden native has been mucking around the
mudflats and river bottoms of the Maine coast
gathering rocks. He has gathered several tons of
them, from Kittery to Penobscot Bay, he told us the
other day, and none of them is indigenous to Maine.
"They were brought here as ballast in sailing
ships and dumped, some perhaps as long as three
hundred years ago. When we get a chance to
analyze them, they'll tell us quite abit about Maine's
maritime history. They're really geological calling
cards from around the world," he said, handing us a
piece of coral. "That was taken from the river in
Saco, near an old ferry landing where there's an
assortment of beautiful rocks that were used for pier
filling but obviously don‘t belong there. Some of the
coral sand has volcanic material mixed with it which
should help us locate the island group, somewhere in
the southern seas, where it originated."
Marshall, who has become known as "Ballast
Bill," says he found Bahamian rock near the old
schooners at Wiscasset and English flint, probably
from the Bristol area, at Pemaquid. He has been
supported in his search by a small grant from the
Maine Historic Preservation Commission and the
National Park Service. While ballast-hunting in the
Pemaquid area last spring, the geological gumshoe
also turned up a small ship model that bears striking
similarities to known vessels of the early seventeenth
century, including the Mayflower. He thinks there
may have been a Colonial shipyard on the site where
he has also found remains of wooden slipways buried
under mud and peat. A photograph of the model,
which now lies at the state museum in Augusta, has
been forwarded to the National Maritime Museum in
Greenwich, England.
Meanwhile, Ballast Bill continues to scour the
Down East shore, armed with geologist's hammer,
magnifying glass, and plastic milk crates to hold his
specimens. He hopes to enlist other Maine coast
dwellers in his search, confident that there are still
tons of maritime history waiting to be dug from
Maine's mudflats.
—— Down East: The Magazine ofMaine
(November 1985)
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Public land management agencies are increasingly involved in
regional and national long—range planning and in efforts to classify
all lands according to their capabilities and availability to produce
goods and services in a balanced national program. During the past
few years, these agencies have generally recognized the need for a
comprehensive system for classifying ecosystems as an aid to
achieving quality land management.
Regional variations in climate, vegetation, and landform are
important in the development of ecosystems; and, often, different
regions have very different management problems. For this reason,
it is important to recognize regional differences at the highest level
in the classification. This regionalization facilitates (1) planning at
the national level, where it is necessary to study management
problems and potential solutions on a regional basis; (2)
organization and retrieval of data gathered in a resource inventory;
and (3) interpretation of inventory data, including differences in
indicator plants and animals among regions.
A map titled "Ecoregions of the United States," published in 1976,
shows an initial attempt to systematically divide the country into
ecosystem regions... The objective has been to provide a broad
synthesis of our current knowledge about the ecosystem geography
of the country that may be a useful reference for persons who desire
an overview on a comparable basis.
— Forest Service, US. Department of Agriculture, Description of
the Ecoregions of the United States (May 1978)
[T]he fact of the matter is, your environment is dying just as surely as
summer follows spring, and so is ours.
— Canadian Prime Minister Brian Mulroney (March 18, 1986)
The natural occurrence of many of Canada's resources has been
mapped at the national or regional level. The National Atlas of
Canada is replete with examples based on individual characteristics
such as physiography, forest types, bedrock and climatic factors. Such
maps were developed to fulfill specific requirements, and they
involved mapping procedures that would best support their intended
purpose. The Ecozones of Canada map is a recent addition to these
maps. It portrays the boundaries of natural systems from a multi-
factor perspective, taking into account such factors as physiography,
vegetation, soil, surface materials and climate. These macro-scale
natural systems will be used as the ecological backdrop for the
Canadian State of the Environment (SOE) Report.
The SOE Report, a joint undertaking by Environment Canada and
Statistics Canada, is designed to provide a broadly based but
comprehensive overview of conditions and trends in the natural
environment and human health. It is intended primarily for a target
audience made up of the interested public, decision-makers and
legislators. More specifically, the Report will provide a means to
consolidate and understand progress in environmental management;
contribute to a broader awareness of the relationships between
environmental and socio-economic factors; and identify areas where
additional research, control or preventive measures could be
environmentally effective.
The underlying conceptual basis for the Report is the stress-response
model which involves the consideration of a variety of factors that
may cause environmental stress such as pollution loadings, land use
change, management of renewable resources and natural forces, and
the responses of various components of ecosystems (agriculture,
forestry, fisheries and wildlife) and human health to these stresses.
The structure of the Report also provides an opportunity to carry out a
more integrated analysis or synthesis of intersectoral relationships.
— E. Wiken and P. Bird, Ecozones of Canada, Lands Directorate,
Environment Canada (1983)
 
   
Who? Where? When?
Historically our mapping efforts have been quite
crude in relation to what we are able to map
today. Flat maps and charts have been valuable
aids for discovery; but as rather static depictions
of the land and sea features, they are of limited
use for ecomanagement. They are not
particularly useful for showing changing
relationships in at least three dimensions —- the
grist for an ecosystem approach. We need a more
systematic approach for employing graphics in
orienting to our dynamic setting.
With distorted information about the shape of
our life-support system, it's difficult —-— if not
impossible —— to do meaningful monitoring that
can be relied on for mapping out our decisions.
With distorted information, even the simple
question, "Who's where/when?", cannot be
answered with any reliability. But, even as we do
better:
It is well to remember that any model
[including a map] is a simpliﬁcation,
and thus a distortion, of the real world.
— E. Frederick Roots (October 1984)
Red Paint and Runestones
This barren spot was sacred ground
When Sieur de Monts put in to shore
But who they were and where they went
No Indian or white man knows...
— Samuel French Morse,
"A Poem about the Red Paint People
The spool of memory had run out my yarn
and lost the last hank.
— Daniel Hoffman, "Exploration"
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The approximate dates ofthese charts are:
N 5.1590; N 6,1642 or earlier;and N 7,1607.
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Ocean will loose the chains of things, and
a huge land lie revealed.” The.ancient proph-
ecy of Seneca, sage of Rome, fascinated Colum-
bus. He touched the threshold of such a vision
in i492: new continents, new riches, a new
world. Spain claimed it all, bolstered by a papal
decree that split the globe between herself and
Portugal. For three centuries she battled other
competitors—chieﬂy England, France, and the
Netherlands—to settle the Americas, reap their
wealth, and sow religion.
Into the West Indies sweptthe conquistadors,
then on to Florida, Mexico, Central and South
America. Here were Aztec and Inca treasures to
seize, Indian souls to save, and gold and silver
to mine. From a nexus of colonial parts, trade
exploded. Fleets of Spanish warships and mer-
chant vessels scoured the Caribbean for pre-
cious metals and jewels. Coins struck from
New World bullion revolutionized the econ-
omy of the Old, while tantalizing new foods
and raw materials spiced its way of life.
Other budding imperialists scoffed at Spain’s
. “.mwwwu um... ;... a w--. e e... c
BATTLE ROYAL FOR SPAIN’S AMERICAN EMPIRE
(W1 age will come after many years when the
dream of monopoly. English, French, and
Dutch vessels invaded her Caribbean strong-
hold, smuggling African slaves and manu-
factured goods to Spanishc'olonists, who eagerly
bought what their mother country could not
adequately supply. Privateers and freebooters
plundered Spain’s redoubts and harassed her
convoys. At the same time, England and France
thrust their ﬂags into Canada, and Holland and
Sweden dogged English footsteps along the
Atlantic coast; French explorers annexed a vast
swath astride the Mississippi. Scattered across
the seaﬂoor from Nova Scotia to South Ameri-
ca, shipwrecks catalog the collisions of nations
and the treacheries of wind and water.
By 1750 Spain’s New World heyday had
passed. When she ceded Florida to the United
States in 1819, her subjects in Mexico and
South 'America were already on their course
toward successful revolt. Five years later only
Cuba and Puerto Rico remained as fragments
of the legacy Columbus had left to Spain. The
rest had been nulliﬁed by European competitors
and by the spirit of independence.
This map it a composite based or: chart: dm’gned about 1720 by cartographer Herman Mall,
4 Dutchman who lived in London. Spelling: and twat“ or: contemporary with that
Map colors rdlect the claims of rival nation: France—green, Spain—orange, Britain—yellow.
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1535 up the 5!.
than farmland.
In17
fl’i
wrence River, hard '.
Frenchmen invaded Canada's backcoun ry,
seeking Indian-trap edfurs rather
this vast domain
—as well as France’s southern claims
east of the Mississi —fell to Britain,
victor in the Fren
d Indian War.
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Following localizes Cartier’s path of 3‘
 
N K N O WN
/GREAT TEGUAIO
N on 'T
SPANISH NEW MEXICO
The fabled treasures of the
2-01": Seven Cities of Clbola lured
Coronado from Mexico into
unknown northern wilds in 1540.
Coronado neverfoundthe gold,
butsome of his men discovered the
Grand Canyon. Franciscan friars
, and Spanish colonists came to stay
\‘ - . in New Mexico in 1598 and founded
’x- a Santa Fe 12 years later.
Anagrams C x 11w
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La Salle conned rn Canada to the
Gulfof Mexico. ere his countrymen
spread alon the coast a the hu 2
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Ca in a ayroll or French troops in Canada,
therlryaznsgpoft was nfﬁped apart by a ree in 1725. ‘éi
_;‘~—-Payday came more t an two centuries ter— to a N
trio of amateur divers who salvaged a &
million doll ‘71 gold and silver coins. Q)
    
   
 
Almost a century assed b are
En lish colonists ollowed ohn
Ca ot’51497 voyage to North
America. After an unsuccessful try
at Roanoke, English farmers
settled the Atlantic shore,
from Jamestown to Plymouth and
Massachusetts Bay, then rolled
inland to confront both native
Americans and French traders.
  
  
NEW NETHERLAND
The penny-wise Dutch opened for
business in 1624 with a trading
post on the Hudson‘ Manhattan—site
of New Amsterdam —was quickly
purchasedfor 24 dollars’ worth of
gew aws. The island became New York
without a tussle in 1664, when the
Dutch surrendered to an English ﬂeet.
 
 
  
      
 
  
     
  
ANDTRADE INTHE
NEW WORLD
21.0
c
y A TOUCH OF SWEDEN
No more than-200 Swedes lived at Fort
Christina. built in 1638. In 1655 the
Dutch took control of the fort, later
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"SBA vxmum:
. The En lish vessel sprang a leak and
e lolly Roger was aunted at will i groundeinear Bermuda during a storm
oﬁ Vir nia and the arolinas m the in 1609 while enroute to Iamestown
early 7005. The chief brigand was with a group of colonists. All
Edward Teach—Blackbeard —who once aboardreached land. Their plight
, ,Q‘, heldCharleston to ransom. In 1718 an helped inspire Shakespeare's
» English sloop dramatized Teach’send romanticplay The Tempest.
up the Iames River with
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Borders are scratched across the
hearts of men
By strangers with a calm,
judicial pen,
And when the borders bleed we
watch with dread
The lines of ink along the map
turn red.
— Marya Mannes, Gaza Strip
We
ha
ve
ma
pp
ed
a
ske
tch
y
hu
ma
n
bas
eli
ne
of
wh
at
we
lea
rne
d
ab
ou
t
th
e
"na
tiv
e"
se
tt
le
me
nt
pat
ter
n
(na
tio
ns'
bou
nda
rie
s?)
in
No
rt
h A
me
ri
ca
.
It i
s t
im
e w
e
to
ok
an
ot
he
r l
ook
, a
ret
ros
pec
tiv
e d
on
e
mo
re
sys
tem
ati
cal
ly,
to
asc
ert
ain
mo
re
abo
ut
the
cau
ses
of
tho
se
patterns and of those that are subsequent:
Th
at
it w
ou
ld
al
wa
ys
eve
r a
ft
er
war
ds
be
thi
s w
ay
Ca
us
ed
th
e e
yes
to
fai
nt,
th
e e
ars
to
ign
ore
war
nin
gs.
We
kn
ew
ho
w t
o g
et
by
on
wh
at
co
me
s a
lon
g,
but
the
ide
a
Wa
rn
in
g,
wai
ti
ng
the
re
lik
e a
for
est
, n
ot
em
pt
ie
d,
bec
kon
s.
—
Joh
n A
shb
ery
, "
The
Pur
sui
t o
f H
app
ine
ss"
(19
81)
Th
er
e
is t
od
ay
no
wo
rl
dw
id
e
pol
iti
cal
sys
te
m w
it
h t
he
po
we
r t
o s
et
pol
icy
an
d s
ecu
re
th
e c
oo
pe
ra
ti
on
of
the
wor
ld'
s n
ati
ons
in
a u
nif
ied
ana
lys
is,
de
ve
lo
pm
en
t
of
a
rem
edi
al
pla
n,
an
d
im
pl
em
en
ta
ti
on
of
suc
h a
pla
n.
Sy
st
em
s a
t t
he
lev
el
of
soc
iet
y a
re
th
e d
om
in
an
t h
um
an
pol
iti
cal
sys
tem
s.
A
gre
at
dea
l
of
sup
ran
ati
ona
l
dec
isi
on
ma
ki
ng
go
es
on
in
th
e
wo
rl
d
in
sup
ran
ati
ona
l
an
d
int
ern
ati
ona
l
org
ani
zat
ion
s,
con
fer
enc
es,
an
d
me
et
in
gs
am
on
g
nat
ion
al
dec
ide
rs,
but
nat
ion
s
co
mp
ly
wi
th
dec
isi
ons
of
the
se
bod
ies
onl
y w
he
n
th
ey
per
cei
ve
tha
t t
he
re
co
mm
en
de
d
cou
rse
s o
f a
cti
on
are
in
the
ir
ow
n
bes
t i
nte
res
ts.
It
ma
y
wel
l b
e t
hat
sec
uri
ng
suc
h c
oo
pe
ra
ti
on
is
th
e
mo
st
im
po
rt
an
t t
as
k n
ow
fa
ci
ng
hu
ma
n
be
in
gs
.
—
Ja
me
s G
ri
er
Mil
ler
an
d J
ess
ie
L.
Mil
ler
, “
Th
e
Ea
rt
h A
s A
Sy
st
em
"
in
Be
ha
vi
or
al
Sc
ie
nc
e (
19
82
)
Dat
a e
xist
tha
t c
oul
d
be
use
d t
o e
ffe
cti
vel
y t
est
the
ass
ump
tio
ns,
accu
racy
, a
nd
prec
isio
n o
f m
eas
ure
s o
f ec
olog
ical
cha
nge
.
Som
e o
f
the
se
dat
a e
xist
in
pos
t-i
mpa
ct
mon
ito
rin
g o
f p
roj
ect
s f
or
whi
ch
env
iro
nme
nta
l b
asel
ine
dat
a a
nd
pre
dic
ted
effe
cts
wer
e d
ocu
men
ted
in
env
iro
nme
nta
l i
mpa
ct
sta
tem
ent
s (
ElSs
).
Oth
er
dat
a e
xist
in
aca
dem
ic
or
scie
ntif
ic
age
ncy
stu
die
s.
Cur
ren
tly
the
re
are
no
org
ani
zed
pla
ns
to
acc
umu
lat
e a
nd
int
erp
ret
the
dat
a,
to
pro
vid
e w
ell
-
doc
ume
nte
d
cas
e h
ist
ori
es
of
cau
se-
eff
ect
rel
ati
ons
hip
s,
or
to
tes
t
vari
ous
mea
sur
es
of
cha
nge
s.
The
se
goa
ls
cou
ld
be
acc
omp
lis
hed
thr
oug
h a
ppr
opr
iat
ely
org
ani
zed
and
fun
ded
eff
ort
s;
the
har
ves
tin
g
of t
hes
e ef
fort
s, e
spe
cia
lly
of t
he
EIS
wor
k,
sho
uld
be
cos
t ef
fec
tiv
e..
.
Mon
ito
rin
g
thu
s o
ugh
t
to
be
des
ign
ed
to
ser
ve
as
an
ess
ent
ial
com
ple
men
t t
o r
ese
arc
h,
and
mus
t b
e c
los
ely
lin
ked
to
it,
yet
it r
ais
es
suc
h a
ddi
tio
nal
and
diff
icul
t q
ues
tio
ns
of
lon
g-t
erm
prio
riti
es
as
the
fol
low
ing
:
No
mon
ito
rin
g
sys
tem
can
be
des
ign
ed
to
ser
ve
all
pur
pos
es
equ
all
y we
ll,
and
mos
t m
oni
tor
ing
sys
tem
s w
ere
des
ign
ed
to
fac
ili
tat
e e
nfo
rce
men
t o
f e
xis
tin
g p
oll
uti
on
con
tro
l r
egu
lat
ion
s r
ath
er
tha
n t
o t
rac
k ba
sic
eco
log
ica
l v
ari
abl
es o
r t
o an
tic
ipa
te
ne
w p
rob
lem
s.
Goo
d
env
iro
nme
nta
l
res
ear
ch,
mon
ito
rin
g,
and
man
age
men
t
are
ite
rat
ive
and
int
erd
epe
nde
nt.
Res
ear
ch
yie
lds
hyp
oth
ese
s a
bou
t h
ow
env
iro
nme
nta
l
sys
tem
s w
ork
;
the
out
put
s o
f m
oni
tor
ing
are
dat
a
abo
ut
the
sta
tus
of
tho
se
sys
tem
s t
hat
per
mit
bot
h t
est
ing
of
tho
se
hyp
oth
ese
s
and
ma
na
ge
me
nt
res
pon
ses
.
Fe
w
sub
sta
nce
s
are
mon
ito
red
at
all
in
the
env
iro
nme
nt
or
in
hum
ans
, a
nd
eve
n f
ewe
r
biol
ogic
al
vari
able
s a
re
syst
emat
ical
ly
obs
erv
ed.
Wha
t p
urpo
se(s
)
sho
uld
gui
de
the
dev
elo
pme
nt
of
eac
h m
oni
tor
ing
sys
tem
, a
nd
wha
t
com
pro
mis
es
can
and
can
not
be
ma
de
to
inc
orp
ora
te
add
iti
ona
l
purposes without loss of scientific usefulness? . .
—
Exec
utiv
e O
ffic
e o
f t
he
Pres
iden
t,
Coun
cil
on
Env
iro
nme
nta
l
Qual
ity,
Rep
ort
on
Lon
g-T
erm
Env
iro
nme
nta
l R
ese
arc
h a
nd
Development (March 1985)
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How?
Why?
  
 Introduction of Keynote Speaker
Keith Bulen It is a privilege this morning to recognize our keynote speaker and to say a word
about him. He is William J. Cronon, Assistant Professor of History at Yale University.
Dr. Cronon approaches history as a means of examining how people think about the world
they are creating around themselves. His areas of specialization and experience include United
States 19th and 20th century social and economic history, urban history, environmental history,
history of technology, and 19th and 20th century British history. He was recently awarded the
Francis Parkman prize for his ﬁrst book, Changes in the Land: Indians, Colonists, and the
Ecology ofNew England.
Ecological history, according to Dr. Cronon, extends its boundaries beyond human
institutions -— economy, class and gender systems, political organizations, cultures, and rituals
-—- to the natural ecosystems that provide the context for those institutions. His paper, titled
"Boundaries and Ecosystems in US. and Canadian History", is a very important document and a
basis for our workshop. As keynote speaker and as a professional historian, he'll try to give us a
long-term historical perspective on ecological change. The central question he seeks to pose is,
"How does one recognize long-term environmental change when one sees it, and how can we use
the tools and perspective of a historian in devising a monitoring network?" It is my pleasure to
introduce to you, our keynote speaker, Professor William J. Cronon.
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Boundaries and Ecosystems in US. and
Canadian History
William J. Cronon
I should begin by confessing to some surprise at being
here at all today. A little over ayear ago, I published a
book entitled Changes in the Land, which sought to assess
the environmental consequences that occurred in New
England after European colonists arrived there during
the
17t
h a
nd
18t
h c
ent
uri
es.
1
Tha
t's
pre
tty
far
bac
k i
n
time —- more than 200 years ago — and I was therefore a
little taken aback when Bruce Bandurski ﬁrst approached
me about giving the keynote address to a workshop in
which the International Joint Commission would explore
the possibilities of creating a "transboundary monitoring
network" between Canada and the United States — a
network that was obviously very much of the 20th
century.
What, I wondered, might a frontier historian who had
written about colonial America have to contribute to such
a discussion? On the technical issues of environmental
monitoring, I am sure that virtually everyone in this room
has more to say than I; on recent policies regarding the
international environment, there are people on the
program whose expertise far exceeds my own. What could
I contribute to the workshop's deliberations? Bruce
ass
ure
d m
e t
hat
the
per
spe
cti
ves
I ha
d a
dop
ted
in m
y b
ook
would undoubtedly be of interest to workshop
participants, and so I agreed — with more than a little
trepidation — to speak here today.
But
wha
t t
o s
pea
k a
bou
t?
I'v
e p
ond
ere
d t
hat
que
sti
on
at
som
e l
eng
th.
I'v
e r
ead
ove
r t
he
wor
ksh
op
mat
eri
als
,
I've studied James Grier Miller's work on Living Systems,
and
I'v
e r
ead
aro
und
in
the
lit
era
tur
e o
n i
nte
rna
tio
nal
environmental policy.2 I think what struck me most
about those materials was their historical abstraction. As I
think about the problem of monitoring environmental
effects that cross international boundaries, I can imagine
two broad ways of going about the task. On the one hand,
one could construct a great model of the entire
environment, identify key interfaces in that model, and
then try to track all major transmissions across those
interfaces. On the other hand, one could identify speciﬁc
environmental problems, determine data necessary to cope
with those particular problems, and then create a network
designed primarily to capture just that information.
The attraction of the ﬁrst approach, best expressed in
Professor Miller's work, is that, however difficult it might
be to achieve, it offers the possibility of gathering
information on problems we don't even yet know exist; the
attraction of the second is its greater efficiency and its
promise that essential information will, in fact, be
gathered on problems we already know about.
As a historian, I'm attracted to the breadth of vision
suggested by the first approach, since history knows no
limits in its efforts to reconstruct thechanging experiences
of past cultures; but, also as a historian, I'm doubtful that
we can construct holistic models that can be applied very
usefully to human environmental interactions at all times
and in all places. People are more historically specific than
that, and so are their relationships with the world around
them. The United States and Canada are the products of
unique histories which shape their quite different
relationships to their environments, to each other, and to
the meaning of the boundary between them. Any
monitoring network which tries to break free from that
fundamental historical fact is likely to have trouble coping
with historical change. Any abstract model that is not
ﬁltered through the lens of history will inevitably be crude
and mechanistic.
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Take, for example, the transformations that occurred
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cul
tur
es
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Nor
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ric
an
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s w
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y w
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no natural immunity against those diseases, and died by
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sca
le
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skin cleaving by reason thereof to the mats which they lie on.
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,
they die like rotten sheep.4
Historians have a great advantage over modern policy-
ma
ke
rs
wh
en
con
fro
nti
ng
suc
h a
n e
ven
t.
In
ma
ny
way
s,
we're rather more accustomed to dealing with truly long-
term change than you are. It is, after all, our stock in
trade. Although our information is generally far cruder
than your own, we already know with certainty what needs
to be explained: we know the end of the story. We can
therefore construct our webs of causal explanation by
working backward and forward from the event to trace out
all its relevant causes and consequences. Because we seek
to understand completed events, our models are often
remarkably open-ended: in some deep sense, they can
never be subject to the test of experimental refutation,
because they can never be repeated. We can make richly
diverse connections between strikingly remote events, and
yet we often have great trouble deciding how to assign
relative weights among a multitude of competing causes
and connections.
Our models are always over—determined. Our
relationship to the past gives us real power in constructing
historical explanations, but it prevents us from applying
those explanations with any great conﬁdence to either the
present or the future. In this, I suspect that we are less
different than one might at first think from most
researchers who study the behavior of large systems: as
soon as one tries to explain change over time — and what
else would a transboundary monitoring network seek to do
— one encounters the fundamental problems of historical
explanation.
To show you why historical hindsight is such a mixed
blessing, let me spend a few minutes watching the effects of
European diseases on the history of North America.
Although I'll emphasize New England events, remember
that the basic sequence I'll describe took place in
comparable ways all across the continent: the epidemics
began in the Caribbean during the second decade of the
16th century, had started to appear in Nova Scotia by the
beginning of the 1600's, and had attacked the coastal
populations of New England by the second decade of the
17th century. Thereafter, they periodically swept across
the continent with the arriving Europeans: as late as 1837,
the Mandans of the Missouri River, living near the modern
North Dakota-Manitoba border, were reduced by smallpox
from a thriving population of 10,000 to less than 200 within
a single year. Indians responded differently to these events
depending on their cultural and environmental
circumstances, but always they were devastated. In the
story of that devastation is a parable that may possibly be
relevant to the problems you face today in thinking about
creating a transboundary monitoring network.
At the most basic level, the epidemics were an
essentially biological phenomenon. Two populations,
historically isolated from each other for many millennia,
were suddenly brought back together again. Organisms
that had lived with one of those populations as their host
now moved rapidly to set up housekeeping in the other,
with devastating results. A fundamental boundary was
crossed, even though—and this is important for our present
context—no one at the time was even aware that such
a boundary existed. The process was not unlike the one
which in this century has decimated the North American
elm tree and the chestnut, only in this case the victims
were people rather than trees. And because they were
people, the epidemics had consequences that went far
beyond mere biology. To trace those consequences requires
that we wander widely in trying to make connections
bet
wee
n d
ise
ase
, c
ult
ura
l li
fe,
and
eco
log
ica
l c
ont
ext
: s
uch
wandering is one of the historian's favorite activities, and I
believe it is quite suggestive about the problem you have
gathered to discuss this week.
Soc
ial
and
spi
rit
ual
cha
os
was
an
imm
edi
ate
res
ult
of
the epidemics. Whereas Indians had previously dealt with
their sick companions by gathering at their bedsides to sit
through the illness with them, they quickly learned that
the new diseases could only be escaped by casting aside
family and community ties and fleeing. With no one left to
help care for and feed the sick, even those who might
otherwise have survived an epidemic were doomed. Indian
doctors, or powwows, found their ordinary healing
practices useless against so potent a biological assault, and
died just as readily as their followers. European pathogens
thus served to undermine the spiritual and religious
practices of Indian communities, and opened the door —
however temporarily— for conversions to Christianity. I'll
spend no time here exploring the effects of disease on
Indian belief systems, but there can be little doubt that
those effects were potentially enormous.
Flight and the disruption of ordinary life put even the
healthy at greater risk for their next encounter with the
invading microbes. Once villages were attacked by a
European disease, they easily missed key phases in their
annual subsistence cycles — the corn planting, say, or the
fall hunt — and so were weakened when the next infection
arrived. Worse, hungry times, which had always been
normal in precolonial Indian society — for instance, the
late winter among the Indians of Nova Scotia — became
lethal in the context of the European diseases. Chronic
illnesses gained their foothold in this way, and a long wave
of population decline was the result. By the end of the 17th
century, the total number of Indians in New England had
fallen from more than 70,000 to fewer than 12,000. Across
the continent as a whole, a population of perhaps ten
million eventually fell to less than a tenth of its original
Size.
As Indian villages vanished, the land on which they had
lived began to change, especially in southern New
England. There, Indians had regularly burned extensive
areas of the surrounding forest to create an open and
parklike landscape in which hunting and traveling were
made easier. By encouraging what ecologists call the "edge
effect", they created a luxuriant, half-woody, half-grassy
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Historians constantly encounter
past events that later produce
effects out of all proportion to their
apparent importance, or effects
that seem so unlikely that one
would never have anticipated
them... Take, for example, the
transformations that occurred in
the cultures of North American
Indian peoples when they were
ﬁrst exposed to European disease
organisms, organisms which had
been absent from North America
since the Indians ﬁrst arrived
20,000 to 40,000 years before.
Before they met the Europeans,
the Indians had never known
measles, or smallpox, or tuber—
culosis, or malaria, or a host of
other diseases. As a result, they
had no natural immunity against
those diseases, and died by the
millions in the face of them.
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Marc Lescarbot's Figure de la Terre Neuve, published in his Histoire de La Nouvelle France in 1609 is not as exact and useful as Champlain's
more famous map of 1612; nevertheless Lescarbot's map was the first printed map of the area and was still used after Champlain's map
became available.
 
habitat in which many species found an ideal residence:
turkey, deer, elk, grouse, hare, many of the very creatures
whose abundance so astonished the arriving European
settlers. Freed from Indian burnings, the woods began to
reclaim the edge. Fields which had stood in grass when
the Pilgrims arrived in 1620 were rapidly being invaded
by shrubs when the Puritans came in the 1630's. Some
Indian ﬁelds were quickly overgrown by raspberries and
strawberries, in which colonists took great delight, but
these were an old-field phenomenon that would not long
reproduce themselves without the growing conditions
Indians had created for them. When the Puritan
migrations began, the animals that had relied on the
Indians to maintain their edge habitats were still
abundant beyond English belief, but as edges retreated
before the forest, those animals found their homes falling
on straitened circumstances.
Losing their habitats was only the beginning of the
attack on a number of New England mammals, and here
again the epidemics had a role to play by encouraging
Indian involvement in the fur trade. Mortalities from
illness disrupted most of the networks of power and
authority which had previously organized Indian lives.
When Bradford described a village in which "the chief
sachem himself now died and almost all his friends and
kindred,"5 he was depicting a phenomenon that took
place in many Indian communities. Villages that had lost
their sachems and whose populations had declined to one-
twentieth of their original numbers were no longer viable
communities: survivors were forced to move to new
villages and create new political alignments.
Depopulation and European alliances gave ambitious
individuals who had lacked high rank before an epidemic
the opportunity to assume new leadership roles, and this
in turn had a hidden effect on the fur trade. In the
disrupted status hierarchies created by the epidemics,
European trade goods and increasingly widespread
Indian products like wampum came to function as new
badges of rank in Indian societies. As greater and greater
quantities of such goods became available to more and
more individuals, even to those who had once been of low
rank, an inflationary cycle in the price of prestige objects
fueled trade all the more. Trade linked European
merchants, Indian wampum-makers, colonial farmers, and
Indian hunters with an abstract set of equivalent values
measured in pelts, bushels of corn, strings of wampum and
price movements in sterling on European markets. The
essential lesson for the Indians was that certain things
began to have prices that had not had them before. In
particular, one could buy personal prestige by killing
animals and exchanging their skins for wampum or high—
status European goods.
Formerly, there had been little incentive for Indians to
kill more than a ﬁxed number of animals. European trade
gradually eroded this circumstance. It introduced Indians
to a new set of prestige goods which could only be obtained
by trade; moreover, the disruption of earlier status systems
by the epidemics had eliminated many of the social
sanctions which had formerly restricted individual
accumulation. Indian economies thus became newly
attached to an international market. For them, it was a
market of much more limited circulation than it was for
Europeans: Indian notions of status were measured by a
handful of goods, whereas Europeans could accumulate
wealth with virtually any material possession.
Nevertheless, even a limited market in prestige was
enough to turn Indians into the leading assailants of New
England's fur-bearing mammals. Certain animal
populations began to decline as a result, and some were
ultimately wiped out altogether.
The most dramatic of the disappearances was of course
the
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Although [my emphasis is on] New
England events, remember that the
basic sequence I'll describe took place
in comparable ways all across the
continent: the epidemics began in the
Caribbean during the second decade of
the 16th century, had started to
appear in Nova Scotia by the
beginning of the 1600's, and had
attacked the coastal populations of
New England by the second decade of
the 17th century.
Samuel de Champlain's famous map of 1612
(Carte Geographique de la Nouvelle France)
resulted from his explorations with de Monts
(1604-1606) and was first published in his book
of Voyages. AlthOugh his corrected map of
1632 was much improved, it was the 1612
version which influenced history by its use in
determining grants by the sovereigns of both
France and England.
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retreated northward until, by the end of the 18th century,
Benjamin Trumbull could speak of Connecticut's beavers
— as well as its otters, foxes, raccoons, and muskrats —
using the past tense.
The elimination of the beaver had ecological con—
sequences beyond the loss of the animals themselves, for
they left behind a series of artifacts that aided the
colonists in their usurpation of Indian lands. Beaver
dams were sometimes used for roads and bridges, and
often became preferred mill sites. Some beaver ponds
became ﬁsh spawning grounds where food and fertilizer
could be obtained. But it was when the old dams col—
lapsed for want of care that they conferred their greatest
beneﬁts on colonial settlers. Behind them was many
years' accumulation of leaves, wood, and silt; moreover,
their ponds had cleared many acres of the trees which had
once grown there. When the pond disappeared with
breaching of its dam, the rich black soil was suddenly
exposed to the sun and rapidly became covered with grass
that grew "as high as a man's shoulders". Not only did
thi
s pr
ovi
de
for
age
for
dee
r a
nd
moo
se,
but
it b
eca
me
ide
al
mowing ground when settlers arrived with their cattle.
The old pond bottoms, which could be as much as 200
acres in extent, finally proved to be excellent agricultural
land as well. As one colonial writer put it, "without these
natural meadows, many settlements could not possibly
have been made, at the time they were made."6
With the beaver had gone many other creatures.
Many were sold by Indians to colonists either for their
skins or their meat, and some were hunted directly by the
colonists themselves; in addition, the process of
agricultural clearing continued the slow reduction of
animal habitats which had begun with the cessation of
Indian burning. Although early colonists had been able to
kill as many as a dozen turkeys in a day's hunt, already by
1672 an English visitor could report that hunters had
"now destroyed the breed, so that 'tis very rare to meet a
wild turkie in the woods".7
More important to southern New England Indians was
the gradual disappearance of the white-tailed deer, which
had furnished a hefty share of Indian clothing and meat
supplies. Deer were so reduced by the end of the 17th
century that Massachusetts enforced its ﬁrst closed season
on their hunting in 1694. A century later, Timothy Dwight
reported that deer — along with bear, elk, moose, and lynx
— were "scarcely known below the forty-fourth degree of
north latitude": gone, in other words, south of the White
Mountains of New Hampshire. Dwight summed up the
situation by saying that "we have hardly any wild animals
remaining besides a few small species of no consequence
except for their fur hunting with us exists in the tales of
other times."8 Although some colonists undoubtedly
missed the addition of wild meat to their dinner tables, the
real losers were the Indians, for whom hunting had been a
major source of protein, clothing — and European trade
goods. As the Mohegans declared in 1789, "the times have
turn'd everything upside down," and "all our Fishing,
Hunting, and Fowling is entirely gone."
We could continue connecting these events to a web of
associated environmental changes. The wild mammals
which were disappearing from New England forests did not
leave those forests empty, for they were rapidly replaced by
European grazing animals, the pigs, cows, horses, sheep,
and other creatures which together comprised probably the
greatest single difference between European and Indian
agricultures. With the animals came the weeds, the dan-
delions, chickweeds, bloodworts, mulleins, nightshades,
stinging nettles, and other species that would follow the
pastures wherever Europeans farmed. Alien grasses were
introduced to improve the quality of animal fodder.
In order to raise crops and animals at the same time, the
Europeans imposed a new fenced order on the North
American landscape, dividing cropland from pasture from
meadow from forest to create elaborate functional divisions
on lands which had never previously been fenced. The
taking of Indian lands would be justiﬁed by appealing to
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At the most basic level, the
epidemics were an essentially
biological phenomenon. H Two
populations, historically isolated
from each other for many
millennia, were suddenly brought
back together again. Organisms
that had lived with one of those
populations as their host now
moved rapidly to set up
housekeeping in the other, with
devastating results. A fun-
damental boundary was crossed,
even though — and this is
important for our present context
— no one at the time was even
aware that such a boundary
existed.
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This famous map by Captain John Smith was first published in his Description ofNew England, London, 1616. It was based on his surveys
and explorations in the year 1614. The map went through many editions during the 17th century and was used as a source for other
maps as late as the mid-18th century.
 
the Indians' failure to "inclose" and improve those lands,
so that the fence came to be perhaps the ultimate symbol
of an environment which was now owned and used in an
entirely new way. Once the disease—cleared Indian ﬁelds
had been occupied, the colonists set to work on the forests
themselves, clearing them for crop and pasture, and
producing a host of associated effects on New England
watersheds and microclimates. The list could go on and
on, but there would be little point in extending it. We
have moved an increasing distance from the original
phenomenon of the Indian epidemics; even though the
epidemics were an associated cause in all of the
phenomena I have just described, their influence
obviously becomes more and more tenuous as we move
toward a landscape increasingly dominated by
Europeans.
So let's return to the epidemics themselves and ask
what relation they bear to the problem of creating a
transboundary monitoring network in the 20th century.
In the ﬁrst place, there can be no question that the
transmission of pathogenic microorganisms from Eurasia
to the Americas was exactly the sort of phenomenon that
a transboundary monitoring network would in theory be
designed to record. On an admittedly much more
dramatic scale, the epidemics were in many ways directly
analogous to the movement of toxic substances across the
international boundary between Canada and the United
States at the present time. Having said that, contemplate
what it would be like to monitor such a phenomenon. We
now know that the new diseases Indians were experi-
encing were in fact of European origin, but this is not
something that was immediately apparent when the
epidemics first appeared. In many areas, Indians con-
tra
cte
d t
hei
r i
lln
ess
es
not
by
com
ing
int
o c
ont
act
wit
h
Europeans, but with other sick Indians. It took some time
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ore
Ind
ian
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l c
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s d
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not
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e
much better an understanding of the actual mechanisms
that were going on. (Indeed, it is only in the last decade
and a half that historians have come to have a full
appreciation of how signiﬁcantly the epidemics affected
Indian societies.) So in the initial stages of contact, there
was a problem even in recognizing that a transboundary
phenomenon was taking place. Here it is not too difficult to
see an analogy with acid rain, whose effects had
presumably been going on for a number of years before
anyone even noticed they were present on a significant
scale. Is there any way that a monitoring network can be
designed in advance that would record an entirely
unrecognized phenomenon? I'm doubtful.
But there are more interesting questions posed by the
epidemics. Once it was understood that European diseases
were peculiarly devastating to Indian populations, it was
not too difﬁcult to recognize their direct effects;
monitoring, in other words, would have been relatively
simple had anyone wanted to do it. But what would have
been monitored? If we could project 20th—century data-
gathering techniques backward in time, we would have
little trouble counting the number of new cases of smallpox
or measles occurring each year , and we could also compile
statistics on the annual rate of decline in selected Indian
populations. But as I hope my earlier presentation made
clear, such statistics would be the least of our problems.
Much more important would be data indicating how
Indians and their environments were responding to the
shock of depopulation. We would want to know, for
instance, about changes in Indian religious belief, in the
acceptance of Christian ideologies, in status hierarchies, in
material tokens of prestige, in Indian willingness to accept
the market definitions of productive activity, in the extent
to which hunting was conducted, in spiritual relationships
with animals, in sizes of animal populations themselves, in
the ability of Indians to maintain older patterns of
subsistence in the face of their declining usufruct base, in
lands that were increasingly available for European
occupancy, and so on and on.
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As Indian villages vanished, the land on
which they had lived began to change...
Indians had regularly burned extensive
areas of the surrounding forest to create an
open and parklike landscape in which
hunting and traveling were made easier. By
encouraging what ecologists call the "edge
effect", they created a luxuriant, half-woody,
half-grassy habitat in which many species
found an ideal residence: turkey, deer, elk,
grouse, hare, many of the very creatures
whose abundance so astonished the arriving
European settlers. Freed from Indian
burnings, the woods began to reclaim the
edge. Fields which had stood in grass when
the Pilgrims arrived in 1620 were rapidly
being invaded by shrubs when the Puritans
came in the 1630's....
Depopulation and European alliances gave
ambitious individuals who had lacked high
rank before an epidemic the opportunity to
assume new leadership roles, and this in turn
had a hidden effect on the fur trade. In the
disrupted status hierarchies created by the
epidemics, European trade goods and
increasingly widespread Indian products like
wampum came to function asnew badges of
rank in Indian societies. As greater and
greater quantities of such goods became
available to more and more individuals, even
to those who had once been of low rank, an
inﬂationary cycle in the price of prestige
objects fueled trade all the more. Trade
linked European merchants, Indian
wampum-makers, colonial farmers, and
Indian hunters with an abstract set of
equivalent values measured in pelts, bushels
of corn, strings of wampum and price
movements in sterling on European markets.
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This shows detail from John Mitchell's Map ofthe British and French Dominions in North America, 1755. Mitchell's map has
an important place in American history. It was used in the peace negotiations ending the American Revolution, and was a
considerable influence in the negotiations leading to Maine's Northeast boundary settlement.
 
One of the points I sought to make in my book was the
intimacy with which ecological and socio—economic
phenomena are linked together. Such linkages are
clearly crucial to understanding why an environmental
change is going on, but they range wildly in our ability to
observe them systematically. A transboundary
monitoring network could be designed rather easily that
would observe the progress of newly introduced or newly
mutated organisms across the landscape of North
America -- agricultural researchers and epidemiologists
currently maintain such networks in both Canada and the
United States — but detecting the effects of such
organisms is a rather more complicated matter. My
suspicion is that explanations in this realm come to look
more and more like the work of historians: you begin with
the known event and then work outward from it. Trying
to identify potential effects by building abstract global
models in advance is not likely to yield very adequate —
by which I implicitly mean very historical -—-
explanations.
Perhaps the most interesting question that is posed by
the epidemics is this: in watching the transmission of
diseases between European and Indian communities,
what actual boundary should we be trying to observe? In
some sense, the original boundary was the Atlantic
Ocean, and the movement of disease organisms onboard
ships would be the crucial phenomenon we would want to
detect with our transboundary monitoring network. But
once European communities were established at various
beachheads — at Jamestown, Plymouth, Boston, Mon-
treal, Quebec, and other places — there were suddenly a
variety of new boundaries that would have to be moni-
tored. The originally EurOpean pathogens were gradu-
ally to become indigenous to the Americas, and it would
not be long before the new diseases would even be
endemic in some Indian communities, the resulting frag-
mentation of boundaries — between communities which
served as endemic hosts to the pathogens and those
which did not -- would wreak havoc with our original
"transboundary" monitoring network. Where we might
originally have set up our data-collection points along the
Atlantic coast to monitor port activity, we would suddenly
ﬁnd ourselves needing to monitor disease transmission
between communities that were increasingly scattered
across the interior of the entire continent. A major
environmental phenomenon of catastrophic proportions
would still be going on, but the original boundary we had
monitored would no longer be very relevant to it. What
would we do in this situation?
I want to dwell on this question at some length, since I
believe that it can be very suggestive about the ways in
which the International Joint Commission might actually
go about setting up the network it is now considering.
Professor Miller's work leads him to believe that all living
systems, at whatever scale of organization, from the cell to
the supranational system, have boundary subsystems that
separate each system from the rest of the universe. At a
certain level of abstraction, I cannot argue with this claim:
throughout the biological and social worlds, we regularly
ﬁnd things separating themselves from one another by a
variety ofmechanisms. But when I try to apply this notion
to actual human history, I find myself troubled by some of
its implications.
Many social scientists have used organism metaphors
in trying to understand human communities, and those
metaphors have almost inevitably led to functional
analyses of social action. Now is not the time to rehearse
the philosophical critique of functionalism, even though it
is quite relevant to much of Professor Miller's work; for
now, let me simply observe that the danger of the organism
metaphor is that it tempts us to believe that the
constituent parts of a given entity generally work to
maintain it as a holistic and self-equilibrating system.
Lower elements in the hierarchy are governed by higher
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There can be no question that the
transmission of pathogenic micro-
organisms from Eurasia to the Americas
was exactly the sort of phenomenon that a
transboundary monitoring network would
in theory be designed to record.‘ On an
admittedly much more dramatic scale, the
epidemics were in many ways directly
analogous to the movement of toxic
substances across the international
boundary between Canada and the United
States at the present time. Having said
that, contemplate what it would be like to
monitor such a phenomenon. We now
know that the new diseases Indians were
experiencing were in fact of European
origin, but this is not something that was
immediately apparent when the epidemics
ﬁrst appeared. In many areas, Indians
contracted their illnesses not by coming
into contact with Europeans, but with
other sick Indians. It took some time
before Indians made the logical connection
between colonial contact and the new
diseases; given the state of 17th-century
science, the colonists themselves did not
have much better an understanding of the
actual mechanisms that were going on.
(Indeed, it is only in the last decade and a
half that historians have come to a full
appreciation of how significantly the
epidemics affected Indian societies.) So in
the initial stages of contact, there was a
problem even in recognizing that a
transboundary phenomenon was taking
place. Here it is not too difficult to see an
analogy with acid rain, whose effects had
presumably been going on for a number of
years before anyone even noticed they were
present on a signiﬁcant scale.
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For Turner, the frontier was the original melting pot,
creating a relatively homogeneous American character. If
you think of the American frontier as a boundary — a
meeting place between free and occupied land, between
what Turner called "civilization and savagery" — then you
can see the Turnerian approach to American history as an
effort to focus on transboundary change. Turner looked at
the frontier boundary, and thought he saw phenomena
happen there which proceeded to ramify through the rest of
American society. Monitoring events on the frontier, he
argued, would reveal much about the future of American
society.
Perhaps it feels to you like I'm stretching my metaphors
here: what does Turner's frontier have to do with a
transboundary monitoring network in the modern world?
The answer is, a great deal, for two reasons. In the ﬁrst
place, Turner's theory has not fared very well in the hands
of later historians. They have criticized him for never
really deﬁning what he meant by the word “frontier”,
arguing that it was never the coherent boundary he
imagined it to be. They have noted the ways in which
Turner ignored the Indians, and failed to see the ethnic
diversity of so many western regions where the supposed
"melting pot" did not in fact operate. Most importantly for
our purposes, they have pointed out that frontier areas
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always had a rather different way of thinking about
national unity and connectedness than have Americans.
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human alteration of the North American environment is
simultaneously a story of increasing economic
interconnectedness for all parts of the continent: in the
world we inhabit, ecology and economics have become
inseparable from one another.
That fact poses the most difficult riddle of all‘for those
who would devise a transboundary monitoring network
between Canada and the United States. The central
question you must face is this: where is the boundary you
seek to monitor? The easy answer to that question is the
arbitrary international line running from the St. Croix
River in the east through the Great Lakes and thence
across the 49th degree of latitude to the Pacific, as well as
the equally arbitrary line between Alaska and the west
country of Canada. Those lines have the advantage of
being definite, and of demarcating the territories in which
the two nation's legal systems hold sway. (Here we should
remember in passing that the international boundary is
comprised of many shorter boundaries between numerous
American States and Canadian provinces. The differing
structures of the two countries' federal systems mean that
quite different bodies of law regarding natural resources
apply to different stretches of the overall boundary: the
provinces and the states differ greatly in their powers in
relation to environment. Because of that, they look at the
international boundary in quite different ways. That's a
complexity we may perhaps need to address here, since it
may affect the structure of a monitoring network a great
deal.) The most important observation we can make about
the international boundary is the obvious one, that it bears
little or no relation to any natural boundaries between
ecosystems, a circumstance that was recognized in the 1909
Boundary Waters Treaty and which has been proven ever
since by the continuing vitality of the International Joint
Commission in resolving disputes over resources between
the two countries. Given that fact, it would be foolish to
imagine a transboundary monitoring network that was
 located simply on the line between the two countries.
But if not the line itself, what then? One could, for
instance, imagine including within the "boundary region"
all watersheds that drain both countries. The hydropower
issues with which the IJC has traditionally concerned
itself have in fact been arbitrated along watershed
boundaries of exactly this kind, and the present
hydrological data networks would certainly serve as one
core of any new monitoring network that the IJC might
establish. But to monitor all watersheds, and all
underground aquifers, that drain into international
ﬂowages would be to monitor a very large area, one that
would include many of the most densely settled areas of
Canada. The same problem would adhere in a definition
of the boundary region that sought to use ambient air
flows to identify the relevant territory. One clearly would
want to include in the monitoring network any territory
that would be affected by environmental inﬂuences from
either side of the border, and that alone would suggest the
need for a very extensive network indeed.
Add to this a further complexity: if we apply to this
problem the insights of Canada's great historian, Harold
Innis, we realize that much of the United States and
Canada are involved in a single metropolitan economy. If
environmental change is a direct outgrowth of that
economy, it makes little sense to look to an arbitrary
boundary line to understand that change; rather, one
should look to the metropolitan centers — New York,
Montreal, Toronto, Washington, London — which control
trade and investment decisions. For many sorts of
economic activities, the international political boundary
is probably not as relevant a factor as various local and
non-local market conditions; the same is probably true of
the environmental consequences of those activities. The
economies of the two countries comprise one of the most
intimately integrated international trade systems in the
 
entire world, a circumstance which citizens north of the
border usually experience with an ambivalence verging on
anger, and one which citizens south of the border usually
experience with the same uninformed indifference they
habitually apply to much of the rest of the world.
Canadians and Americans diverge sharply in their
feelings about the integrity of the national border, and that
fact shapes their politics accordingly. Politically charged
and dangerous as we know the issue of transboundary
investment and economic control to be, we dare not ignore
it in our analyses of environmental change. Whether the
institution we look at is an international labor union, or an
international trade organization, or a multinational
corporation, we have difﬁculty knowing on which side of
the border to place the economic causes or the ecological
consequences of its activities. The same might apply to
such entities as the early warning and air defense
networks ofboth countries: integrated as these are, do they
constitute a boundary region all their own, far from the
international border as we ordinarily understand it?
Whether we speak of joint defense networks or
international economic organizations, what exactly is the
status of their environmental effects? Do they fall within
the purview of the IJC's proposed monitoring network? If
they do, there may be no limit to the resulting system: the
"boundary region" may in fact include the entirety of both
countries.
And that, of course, is exactly the point. In so many of
the webs of ecological cause and effect I've been discussing
in this talk, there are in fact few boundaries we can
practically draw around the systems we are trying to
understand. When measles and smallpox worked their
devastation upon North American Indian populations, they
gradually expanded the "boundary region" until it ﬁnally
included the entire continent. What had once been two
clearly demarcated disease environments—the Eurasian
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To understand the environmental changes I
discovered in colonial New England, I had ultimately
to look to London, the city that controlled the markets
for so many of New England's products: to
understand environmental change in the 19th—
century American West, I would have to look to New
York. The story of human alteration of the North
American environment is simultaneously a story of
increasing economic interconnectedness for all parts
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 continent on the one hand and the Americas on the other
— have gradually shifted since the 16th century so that it
is no longer nearly so meaningful to treat the two as
isolated systems.
In the same way, we now understand that Turner's
supposedly remote and isolated frontier was but the
outpost of Innis's great metropolitan empire. At least as
far as economics and ecology are concerned — the same is
by no means true of politics and culture — the great trend
of the past several centuries has been to collapse many of
the boundaries that had previously isolated human and
natural communities from each other. Increasingly,
everything has come to be connected in one way or
another with virtually everything else.
My guess is that the same observation will apply to the
economic and environmental interactions that the
proposed transboundary monitoring network will seek to
explain, even as that network operates within the context
of two nations — not to mention many states and
provinces — that are strikingly diverse in their legal
systems, their cultures, and their political organization.
To understand the causes and consequences of acid rain
for instance, it will not be enough merely to discover how
acidic rainwater and vapor affect the ordinary
physiological processes of green plants and soil
organisms. We also have to investigate the pricing of
different coal supplies in the industrial centers which are
creating the acid rain problem, and compare these with
alternate forms of energy. What, for instance, would be
the effect ofmuch stricter regulation of high-sulphur coal
burning on the price of electricity in the American
midwest? Would higher coal costs make it economic for
American ﬁrms to import more electricity from
hydropower sites in Ontario and Quebec? If so, would this
encourage further water-power development in the
Canadian north, and what would be the economic and
ecological effects of that development? Would the sale of
sub-arctic electricity in effect move the "boundary region"
far to the north of the actual territory within which acid
rain is a measurable phenomenon? We might, as a purely
speculative example, discover that acid rain regulations in
the United States would have unexpected consequences for
caribou populations on Hudson's Bay: would our
monitoring network capture that effect?
For our proposed transboundary monitoring system to
keep track of even a substantial subset of these economic
and ecological interactions would mean that it would have
to cast its net very widely. Literally every phenomenon
that occurs in nature and society might be relevant to its
design, and that brings me back to one of my earliest
points. How does one construct such a network without it
becoming overwhelmed by the very information it seeks to
gather and interpret? I've already suggested that no a
priori system could have predicted - or even gathered data
on — all of the many consequences of the European
epidemics in North America. Only the historian's ability to
focus on the new pathogens as a narrowly defined problem,
understood with the aid of non-predictive hindsight, can
allow one to trace the webs of cause and effect that occurred
as the invading diseases made their way through North
American ecosystems.
My suspicion is that the International Joint
Commission's proposed transboundary monitoring network
will be most feasible if it is begun with something like the
historian's rather pragmatic method. You seek to develop
a much—needed tool for coordinating the collection of key
environmental data in order that those data can be made
more available to systematic analysis. But in thinking
about how to do so, I commend to you the work of Harold
Innis, who proposed his thesis about Canadian national
development not with a grand analysis of the metropolitan
economy taken as a whole, but with verytightly focused
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monographs analyzing the history of the Canadian fur
trade and cod ﬁsheries. Rather than construct a vast a
priori model that attempts to encompass all possible
living phenomena, it would seem more practical to
construct a series of smaller, more empirical models that
represent as accurately as possible the speciﬁc ecological,
economic, and historical circumstances of the
environmental phenomena you hope to understand. This
is in no way an argument against integrated monitoring;
rather, it merely suggests that some styles of integration
may be more practical than others.
With all due respect to Professor Miller's stupendous
intellectual labors, you simply cannot gather data on
everything that might be relevant to the entire North
American environment: trying to do so would be to mimic
the cartographers described by Borges, who constructed
"a Map of the Empire that was of the same Scale as the
Empire and coincided with it point for point". In
Borges' story, the map proved to be so enormous that
"succeeding Generations came to judge [it]
cumbersome," and so abandoned it to "the Rigours of sun
and Rain". All that was left of the map in the end were a
"few tattered Fragments" scattered about the western
deserts, "Sheltering an occasional Beast or beggar".11
If the transboundary monitoring network is to create a
usable map of the North American environment as we
know it today, it must be a map that speaks to the specific
purposes of our particular moment in history. It in fact
can only do that, for there is no escape from the
limitations that our histories impose upon us.
My advice as a historian is that, if you come to the
monitoring network because of questions raised by acid
rain, or watershed control, or the movement of speciﬁc
toxic substances, then those are the places to begin, not at
 
some grander theoretical level. An integrated monitoring
network that could trace even these Speciﬁc things — an
acid rain network that could show the effect of midwestern
coal prices on caribou populations in the sub-arctic -—
would be a very great achievement indeed, and could serve
as the foundation for subsequent networks of still greater
power. I ﬁnd the prospect of such pOWerful new
environmental tools quite literally breathtaking, and I will
await your future work with great excitement. It is a noble
task, and I wish you all possible good luck in creating it.
Thank you.
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6Jeremy Belknap, History of New Hampshire, Dover, New
Hampshire, 1812,111, 58-9, 113-19.
7John Josselyn, New-Englands Rarities Discovered (1672), Edward
Tuckerman, ed., Transactions and Collections of the American
Antiquarian Society, 4 (1860), p. 144.
8Timothy Dwight, Travels in New England and New York (1821),
Barbara Miller Solomon, ed., Cambridge, MA, Harvard University
Press, 1969, I, p. 35.
9’I‘urner's work is most readily accessible in his The Frontier in
American History, New York, Holt, Rinehart & Winston, 1920, which
contains his classic 1893 essay, "The Signiﬁcance of the Frontier in
American History," pp. 1-38.
lolnnis's work can be sampled in his The Fur Trade in Canada:
An Introduction to Canadian Economic History, New Haven, Yale
University Press, 1930; Problems of Staple Production in Canada,
Toronto, 1933; and The Cod Fisheries: The History ofan International
Economy, New Haven, Yale Uriiversity Press, 1940. An excellent
survey of the theme of metropolitan influence in Canadian history
can be found in J. M. S. Careless, "Frontierism, Metropolitanism, and
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[This undertaking of] a treatise on the names of the Penobscot Valley
region and the adjacent coasts which would meet scholarly standards
and yet be serviceable to ready reference, demanded familiarity
with several Indian languages and considerable acquaintance with
the Maine dialects, solid grounding in the documentary history of
colonial New England, knowledge of the coast and woods of Maine
more intimate than mere map acquaintance, and actual contact with
living Maine Indians...
Indian place-names interest three classes of inquirers: intelligent
readers, curious to know how a certain place-name is spelled, how it
should be pronOunced, and what it means; students of history, who
find in documents references to places they cannot locate upon
modern maps; and students of philology, archaeology,
anthropology, and comparative language, who need more material
in their work.
The first ask for definitions — concise, authoritative information.
The second need identifications, close references, research. The third
want vocabulary, stems, endings, comparative language notes...
Knowing the ground, the writer at times does not hesitate to differ
from generally accepted and often repeated pronouncements about
Indian names, whose only authority is their priority. Indeed, in the
Castine region, for example, historical work is at a standstill until
localities are better identified according to their Indian signification
and a clearer understanding of the essentials of Indian life.
— Fannie Hardy Eckstorm, Indian Place Names of the Penobscot
Valley and the Maine Coast (1978)
No field of thought can be properly laid out by men who are merely
measuring with a ruler. Sections of history are liable to be
transformed — or, even where not transformed, greatly vivified — by
an imagination that comes, sweeping like a searchlight, from outside
the historical profession itself. Old hunches are then confirmed by
fresh applications of the evidence or by unexpected correlations
between sources. New matter emerges because things are joined
together which it had not occurred to one to see in juxtaposition.
New details are elicited, difficult details become relevant, because of a
fresh turn that the argument has taken.
— Herbert Butterfield, Introduction to The Sleepwalkers: A
History of Man’s Changing Vision of the Universe by Arthur
Koestler (1959)
Mathematical ecology was intended to address historical issues: short-
term ecological changes and long-term evolutionary changes. It was
the theory of the struggle for existence. But the very act of imposing
mathematics (or any model) on nature often involved a rejection of
history in favor of a harmonious, unifying concept... When an
equilibrium approach is applied to ecology and evolution, the attempt
to minimize historical explanations can seem dangerously misleading.
Therefore in response to the mathematical analysis of equilibrium
cases, biologists have from time to time stressed the need to recapture
the insights of historical awareness. The dialectic between historical
and ahistorical perceptiOns continues to unfold and to cause
controversy, but along with it comes a better understanding of the
complexity of nature and of the role of theoretical models in biology.
—— Sharon E. Kingsland, Modeling Nature: Episodes in the History
of Population Ecology (1985)
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Introduction of Lester W. Milbrath
Keith Bulen
At this point, I would like to introduce Lester W. Milbrath, who is Director of
Environmental Studies Center and Professor of Political Science at the State University of New
York at Buffalo.
During his career he has been a visiting professor in Denmark and a visiting scholar at the
Center for Resource and Environmental Studies at the Australian National University in
Canberra. Dr. Milbrath's research in political science has focused on environmental perceptions,
beliefs, attitudes, and values. He also has researched and written on citizen participation in
environmental policy decisions, on conceptualizing and measuring quality of environment and
quality of life, and on forecasting and planning for environmental futures. His most recent work,
Environmentalists: Vanguard for a New Society, reports on a study of the beliefs and values of
the public and various elites in England, West Germany, and the United States. The title of his
paper is "How (and What) People Think about the Boundary Region:
Ideological
Considerations".
It's my pleasure to introduce to you Dr. Milbrath.
 
 Milbrath
How (and What) People Think About the
Boundary Region: Ideological
Considerations
Lester W. Milbrath
In modern industrial societies we are accustomed to
monitoring changes in physical parameters (temperature,
density, flows, mass, and so forth) and economic
parameters (production and consumption rates, cost of
living index, investment volume, and so forth). In the
ecosystem of the boundary region between the US. and
Canada, one would expect, on ﬁrst blush, an even more
constricted emphasis on studying changes in physical
things (soil composition, land uses, levels of various toxics
in water, water levels and flows, algae growth rates, ﬁsh
densities, plant communities, and so forth). How could the
way people think constitute an important topic to study in
monitoring how the ecosystem functions?
Consider that ecosystems contain thousands of species
and billions of individuals that interact in a highly
complex and interdependent fashion. Over millions of
years of evolutionary development, natural ecosystems
(including millions of species other than man) achieved a
working dynamic equilibrium (or steady state). They
worked quite well before humans ever came on the scene.
If they are not working so well now, it is probably because
of the intrusive actions of the human species in those
ecosystems. There can be no doubt that humans now are
the most important actors in most ecosystems. If the
functioning of those systems is to be improved, it will come
about as a result of changes in human actions. Knowing
how humans think about, interVene in, and use
ecosystems is the most important component of knowledge
that should be obtained for developing a well-functioning
transboundary monitoring system.
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Conceptualizing Ecosystems and Boundaries
As we think about a transboundary monitoring
network, most of us probably have in mind the actual
border separating Canada from the United States; this is
to b
e e
xpe
cte
d,
giv
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the
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emp
has
is
on
nat
ion
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sm
in modern societies. National boundaries, however, have
little relationship to natural systems and their
boundaries. How, then, should we conceptualize the
ecosystem with which we are dealing, and where should
we draw its boundary? The physical border between our
two countries has almost no relevance for defining
ecosystem boundaries and very little relevance for
defining the socio—economic—political system boundaries.
Furthermore, there is an element of arbitrariness in
setting boundaries on either ecosystems or socio-economic-
political systems.
Taking a multitude of factors into consideration, I
suggest that we take North America as the ecosystem on
which we should focus, and that we treat our two nations
as subsystems of this larger system. The Great Lakes
basin is often thought of as an ecosystem; in this context it
would be thought of as a subsystem of the larger North
American ecosystem. The Canadian and US. territories
in the Great Lakes basin, however, are not subsystems;
the political boundary has no meaning in terms of
ecosystems. The two nations found it necessary to create
the International Joint Commission (IJC) because they
needed some kind of governance structure to oversee the
larger ecosystem shared by the two countries.
The socio-economic-political systems of the two nations
also are not distinct; in this respect, too, the two nations
are subsystems of the larger North American system. The
boundary between the two countries is highly permeable;
people, goods, and information pass freely across the
border. Living on the Niagara frontier, I am highly
conscious of the extent to which we share the same
information, the same belief structure, the same values,
the same language (even in French Canada most people
learn and use English), the same goods, the same
advertising, the same corporations, the same recreation
patterns, the same transportation system, the same
communication system. When I am in Canada I feel as
much at home as when I am in the US. In fact, we have a
North American culture with Canadian and US.
subcultures (subsystems).
Given the closeness of cultures, the permeability of the
political boundaries, and the heavy flow of materials,
goods, information, and people across the borders, it
makes little sense to monitor those flows closely. It would
be easier and more useful to focus on barriers to flows:
tariffs and quotas on goods, immigration restrictions,
censorship, and so forth. We should anticipate large ﬂows
within the North American ecosystem (pollution as well as
goods, information, and people) and try to develop a
governance structure and monitoring system which not
only recognizes that fact, but also endeavors to maximize
the good~functioning of that continental ecosystem. When
we think about flows and barriers to flows, we should
think about managing them for the good of all the species
inhabiting the North American ecosystem.
Basic Considerations in Developing the Beliefand
Value Component of a Boundary Region Monitoring
System
Note that I have switched my language slightly, away
from the use of "ideology" to "beliefs and values". The
word ideology connotes a structure of ideas; if it carried
only that connotation the term would be perfectly
serviceable. Unfortunately, the word ideology generally
connotes left versus right (capitalism versus communism;
Democrats versus Republicans), and that meaning
constitutes only a small part ofwhat I have in mind for
monitoring the way people think about the ecosystem of
their boundary region.
The best way to know how people think about the
ecosystem of the U.S./Canada boundary region is to go out
and ask them. Typically, we do this using sample surveys.
(I am referring to something more than an opinion poll
when I use that phrase.) I know that there are many
people who are dubious about using sample surveys to
make inferences about how people think, believe, and
value. They prefer, instead, to make their own inferences
on some other grounds. This is not the time or place for a
lesson on survey research methodology, but I assert
strongly that all other bases for making inferences about
people's beliefs and values are even more dubious than
using surveys.
 
[Hlumans now are the most important actors in most
ecosystems. If the functioning of those systems is to
be improved, it will come about as a result of changes
in human actions. Knowing how humans think
about, intervene in, and use ecosystems is the most
important component of knowledge that should be
obtained for developing a well-functioning
transboundary monitoring system.
Having worked in this field for about 30 years, I have
encountered many challenges to the validity of survey
ﬁndings. The most frequent and most widely believed
challenge goes like this: "You can't really tell what people
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do." Such comments assume a close linkage between
belief and behavior and that the only "real" measure of
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faulty. Beliefs can and do exist separately from behavior.
More importantly, persons hold many beliefs
simultaneously; for any given behavioral option, several
beliefs may be brought to bear in making the decision. For
example, the pleadings of a lover or a close friend to do
something especially fun could deflect the most dedicated
environmentalist from attending a meeting of his
environmental group. However, the behavior (skipping
the meeting) does not reflect a change in beliefs about
environmentalism; it only means that some other value
played an even stronger role in shaping that action at that
time.
Also, deciding whether or not to do something usually
entails a rough calculation as to whether the expected
outcome is worth the time and energy costs of doing it. If
one believes that the "system" is unlikely to respond to
one's efforts (as many people do these days), that person
will not take a potential action, though he believes
fervently that it is needed.
Be cautious, then, about inferring from beliefs to
behavior and from behavior to beliefs. Asking people what
they believe is a far better basis for inferring what they
"really" believe than are the inferences one could make
from observing their behavior. It is useful and important
to study both beliefs and behavior, keeping in mind their
conceptual distinction, and studying the connection
between them.
It is especially important to keep these points in mind
when studying people who are relearning their beliefs,
values, and behavior patterns. The changeover does not
proceed at the same pace in each of these realms. We
should expect, for example, that a belief and value change
may occur several years in advance of a change in
behavioral patterns. We all know from our own life
experience that people usually accept a new
understanding at the mental level long before its
consequences and ramifications are fully realized at the
behavioral level. For example, abandoning the thrills of a
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high powered automobile for the subdued performance of
a fuel-efficient vehicle, in order to conserve resources, may
be very difﬁcult for a person to do, even though that person
may recognize intellectually that it will be necessary to do
so in the future. It takes many months, or years, of
reinforcements and social structural support to get the
mass of people in society to change basic behavior
patterns. We should expect, then, that change in belief is
likely to be the leading edge, and considerably in advance,
ofbehavioral change.
Most of the perceptions and insights set forth in the
remainder of this paper are based on careful scientiﬁc
surveys of the way people think about their environment.
These studies have disclosed that traditional political
ideological differences (left versus right, Democrats versus
Republicans, liberals versus conservatives) are not very
meaningful for understanding how humans relate to their
ecosystem. These differences, thus, do not constitute a
central focus for a boundary region monitoring system. In
the next section I suggest a better way to study the beliefs
and values that shape the way humans interrelate with
their ecosystem.
How Do People Think About the Environment?
Humans have always pondered the environment
because it is the very foundation of life. The way they
choose to relate to it becomes their lifestyle. At ﬁrst, as
the human species often struggled to maintain its
existence on the planet, environments were seen as harsh
and demanding as well as sometimes comforting and
supporting. But, as humans became more and more
successful in winning out over other species and in
establishing an increasingly dominant position on the
planet, they have become more and more inclined to look
upon the environment as a resource base which could be
exploited to enhance their domination. This is not true of
all humans. For some, the environment has a semi-
religious mystical quality; it is an object of wonder and
beauty, a thing to be loved and cherished for its own sake.
This love of nature is an important belief and value for
modern-day environmentalists; it is one of the most
strongly differentiating characteristics between
environmentalists and non-environmentalists. (My use of
the term environmentalist includes all persons strongly
supportive of environmental values; it is not confined to
members ofenvironmental organizations.)
Our research has shown that, in addition to this strong
love for nature, environmentally oriented people are
distinctive in that their sense of compassion, which
springs from a highly developed sense of empathy, extends
not only to those near and dear but also to people in other
countries, to other species, and to future generations.
The modern industrial societies that have developed
over the past 400 years have as their foundation a
different belief about the proper relationship between
humans and their environment, one that asserts that
humans are destined to dominate nature. Nature is seen
as a resource base to which humans can apply their
science and technology in order to extract material goods,
not simply to support life but to create a life of ease and
comfort (Catton 1980). As humans have taken this
increasingly dominating and exuberant role toward
nature, high quality of life has tended to be defined as
acquiring more and more material goods. Economic
values, and ever—increasing levels of wealth, have become
the dominant objects of public policy in most modern
industrial societies.
The exuberant, dominant role toward nature that is
emphasized in modern industrial societies has created a
psychological distance between many humans and their
natural environment. Their major preoccupations are
with man-made environments and the technological
manipulation of manufactured goods. Our society hasa
 dominating fascination with technology, the latest fad
being the use of computers. For people who are caught up
in this mindset, the natural environment fades into the
background and typically is taken for granted, so much so
that we carelessly use it to dispose ofour wastes.
The environmentalist critique of modern industrial
societies goes much deeper than a concern about the
despoilation of nature, however. Man's genius in using
science and technology to conquer diseases and
dramatically prolong human life, coupled with
extraordinary success in extracting more wealth from
nature, has produced an explosion in the human
population. World population doubling time, which used
to be many centuries, now is only 35 years. If present
trends continue, a young child could experience two
doublings of population within his lifetime: the present
world population of approximately 5.7 billion could double
twice to become more than 20 billion before he dies.
Unfortunately, much of this growth, if it occurs, will occur
in the less developed parts of the world where the resource
base is least able to support this kind of increase.
The inhabitants of the developed countries use their
wealth and technology to take an exceptionally exploitive
and exuberant role toward nature. It has been estimated
that the average modern North American consumes 60
times as many resources as the average citizen of India
(Catton 1980, p. 205). The modern human is not simply
Homo sapiens, but has turned into "Homo colossus". This
"new species" is withdrawing resources from the earth's
crust, particularly energy, at such a prodigious rate that
natural processes have no hope of renewing them in any
reasonable time span. Catton (1980, p. 46) says that we
are living on four parts phantom carrying capacity for
every one part of permanent (real) carrying capacity.
Catton means that modern society is largely supported by
resources that cannot be renewed fast enough to sustain
our present ways. In his judgment, and in that ofmany
others, the human species already has gone into "over-
shoot". There is no way that present population and
resource consumption growth rates can continue. Our
destiny will be to die back to a level that can be sustained
by the natural carrying capacity of the environment. This
physical necessity to die back will force profound changes
upon humans, changes in their beliefs, values, economic
structures, social structures, and political systems.
Some environmentalists, then, foresee deep and lasting
social change; many literally are calling for a completely
new society. They believe the transition to this new
society will be smoother and less painful if it can be
approached within the framework of some plan, with
thoughtful recognition of what mustbe done in order to
make human society sustainable over the long run. They
fear the pain, suffering, and death likely to occur if we go '
on as we are, destroying the capability of the natural
environment to support our economic, social, and political
institutions. The environmentalists sharing this cluster of
beliefs and values have formed themselves into a social
movement; they have become a vanguard using education,
persuasion, and politics to try to lead mankind to their
vision of a new, better, and more sustainable society.
As might be expected, this new vanguard is opposed by
a rearguard that believes that modern industrial societies
are working quite well and should continue on their
present trajectory. [Ed. Note: The terms "rearguard" and
"worldview" are used in this paper to connote a unitary
concept.] The primary valuation of the people in the
rearguard is upon material wealth; they look upon nature
as a resource to be exploited to extract more wealth. The
rearguard believes that science and technology have been
a great boon to humans. They are so confident of the
clever ingenuity of humans that they believe economic
growth is limitless (Simon 1981). They believe that the
present structure of industrial society, with its emphasis
on aggressive competitiveness within a market
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framework, produces the most wealth and the best society.
They have a strong faith in the merit of modern society's
beliefs and values as well as its current economic, social,
and political arrangements.
It is probably apparent to the reader that these
contrasting beliefs and values separate into two
worldviews; in that respect they are like political
ideologies. These contrasting views are parsimoniously
set forth in Table 1. The outstanding characteristics found
in the worldview of vanguard environmentalists are their
high valuation of nature; their sense of empathy, which
generalizes to compassion toward other species, other
peoples, and other generations; their desire to carefully
plan and act so as to avoid risks to humans and nature;
their recognition that there are limits to growth to which
we humans must adapt; and their desire for a new society
that incorporates new ways to conduct our economic and
political affairs. On each of these points, they are opposed
by the defenders of the present system.
Environmentalists, as well as the researchers who
study environmental beliefs and values, often refer to
the
se
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ing
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ief
paradigms. The set of beliefs and values currently in
vogue in modern industrial society can be called the
dominant social paradigm (DSP); it is defended by a
rearguard that is convinced that it is a good system which
should be retained. As noted in Table 1, the
environmentalist vanguard is advocating a new set of
beliefs and values that people have begun to refer to as a
"new environmental paradigm" (NEP) (Dunlap and Van
Liere 1978).
A paradigm might be defined as a set of beliefs about
how the world works physically, socially, economically,
and politically. Cotgrove (1982, pp. 26-27, 88) has done
some of the clearest thinking about paradigms:
Paradigms then provide maps of what the world is believed
to be like. They constitute guidelines for identifying and
solving problems. Above all, paradigms provide the framework
of meaning within which "facts" and experiences acquire
significance and can be interpreted.
Paradigms are not only beliefs about what the world is like
and guides to action; they also serve the purpose of legitimating
or justifying courses of action. That is to say, they function as
ideologies.
Hence, conflicts over what constitutes the paradigm by
which action should be guided and judged to be reasonable is
itselfa part of the political process. The struggle to universalize
a paradigm is part of a struggle for power.
[A paradigm] is dominant not in the statistical sense of
being held by most people, but in the sense that it is the
paradigm held by dominant groups in industrial societies; and
in the sense that it serves to legitimate and justify the
institutions and practices of a market economy it is the
taken-for-granted common-sensical view which usually
determines the outcome ofdebates on environmental issues.
As we have seen in Table 1, these competing paradigms
are highly contrastive. "The protagonists face each other
in a spirit of exasperation, talking past each other with
mutual incomprehension. It is a dialogue of the blind
talking to the deaf. Nor can the debate be settled by
appeals to the facts. We need to grasp the implicit cultural
meanings which underlie the dialogue." (Cotgrove 1982, p.
33.)
It is because protagonists to the debate approach issues
from different cultural contexts, which generate different and
conflicting implicit meanings, that there is mutual
exasperation and charges and countercharges of irrationality
and unreason. What is sensible from one point of view is
nonsense from another. It is the implicit, self-evident, taken-
for-granted character of paradigms which clogs the channels of
communication. (Cotgrove 1982, p. 82).
So far, we have spoken of the competing paradigms as
pure types. A number of studies (Cotgrove 1982; Milbrath
1981a, 1981b, and 1984; Schwartz and Ogilvy 1979;
Yankelovich and Lefkowitz 1980a and 1980b) have shown
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that many people hold beliefs that partake of both
paradigms. In order to portray the main clusterings of
relevant beliefs, they are arrayed in a two—dimensional
space in Figure 1. The horizontal dimension of that space
differentiates persons who resist social change from
persons who strongly advocate social change to deal with
environmental problems. The resisters to social change
generally believe that manageable technical adjustments
will sufﬁce to deal with these problems. In a deeper sense,
the resisters to social change believe that our present
socio—economic system, with its emphasis on human
domination of nature, is satisfactory. In contrast, the
advocates of social change want a new socio-economic
system with a more harmonious relationship between
humans and nature. The vertical dimension of the space
contrasts people who highly value a safe, clean, and
beautiful environment with those who highly value
material wealth and deemphasize environmental
protection.
The "rearguard" that defends the DSP is placed in the
lower-right corner indicating the high valuation it places
on material wealth and its resistance to social change. At
the
opp
osi
te
upp
er-
lef
t c
orn
er
are
the
env
iro
nme
nta
l
ref
orm
ers
in
the
"va
ngu
ard
,"
wh
o h
igh
ly
val
ue
a s
afe
and
cle
an
env
iro
nme
nt
and
wh
o a
re
str
ong
adv
oca
tes
of s
oci
al
cha
nge
.
Ma
ny
of
the
se
peo
ple
hav
e
org
ani
zed
int
o
vig
oro
us
gro
ups
tha
t s
tri
ve
for
pub
lic
edu
cat
ion
abo
ut
en
vi
ro
nm
en
ta
l
pr
ob
le
ms
as
wel
l
as
uti
liz
ing
ele
cto
ral
act
ivi
ty
and
pre
ssu
re-
gro
up
tac
tic
s t
o b
rin
g a
bou
t s
oci
al
cha
nge
.
Mo
st
of
th
em
es
ch
ew
vio
len
ce
as
a v
ali
d w
ay
to
pur
sue
the
ir
end
s,
but
ma
ny
of
th
em
are
wil
lin
g t
o u
se
dir
ect
act
ion
s s
uch
as
pro
tes
ts,
dem
ons
tra
tio
ns,
boy
cot
ts,
and
sit
-in
s t
o c
omm
uni
cat
e t
hei
r v
iew
s.
It i
s f
air
to
say
tha
t,
in
Ame
ric
an
soc
iet
y t
oda
y,
the
y a
re
the
dom
ina
nt
act
ive
soc
ial
for
ce
wor
kin
g f
or
a m
ajo
r c
han
ge
in
the
relationship between humans and nature.
The labels "rearguard" and "vanguard" are, of course,
my own. I do not intend these labels to be pejorative. The
outstanding characteristic of the rearguard is that they
are defenders of the DSP, and the outstanding
characteristic of the vanguard is that they are trying to
bring about a new society. The people in the rearguard
and the vanguard may not perceive themselves as such;
that is beside the point. The social change that we are
examining is so fundamental, and moves so slowly, that
many of the actors participating in the change process, or
resisting it, may not recognize the cumulative
signiﬁcance, for society as a whole, of the changes that are
occurring in their own beliefs and values as well as in the
beliefs and values of others. Both sets of actors are trying
to make a better world. It is up to us to understand the
ways in which these worlds would be similar and the ways
in which they would be different.
As indicated above, themass of people in the United
States, and in most other advanced industrial countries,
partake of the beliefs of both paradigms and thus can be
plotted near the center of the space in Figure 1. They are
sympathetic toward environmental values but also hold
aspirations for material wealth. On the other dimension,
they have gone some distance in recognizing a need for
bas
ic
soc
ial
cha
nge
but
hav
e n
ot
yet
lea
rne
d w
hat
a n
ew,
more satisfactory, social paradigm will be. They are
labeled on the ﬁgure as "environmental sympathizers"
because most people, in fact, do sympathize with the
environmental movement.
Table 2 reports the percentage of the United States
pub
lic
tha
t a
gre
es
wit
h
or
acc
ept
s t
he
env
iro
nme
nta
l
perspective on 12 items that were included in the US.
co
mp
on
en
t
of
a
thr
ee-
nat
ion
stu
dy
of
en
vi
ro
nm
en
ta
l
bel
ief
s a
nd
val
ues
(to
be
dis
cus
sed
mor
e f
ull
y l
ate
r i
n t
he
pap
er)
.
It c
an
be
see
n i
n t
hat
tab
le
tha
t t
hre
e-f
our
ths
or
mor
e s
upp
ort
ed
the
env
iro
nme
nta
l p
ers
pec
tiv
e o
n m
ost
of
tho
se
ite
ms.
Th
es
e
per
cen
tag
es,
as
wel
l a
s t
hos
e f
ro
m
  
65
 
 
 66
 
Table 2
LEVELS OF SUPPORT FOR ENVIRONMENTAL VALUES IN THE U.S. PUBLIC IN 1980—82*
Disagreeing/Rejecting
%
Environmental
Perspective
% .
Agreei ng/Accepting
Environmental
Perspective
Item 1980 1982 1980 1982
1. There are likely to be serious and disruptive shortages of essential raw
materials if things go on as they are. 10 18 88 69
2. The storage of nuclear wastes is too dangerous. 24 23 66 66
3. Humans must live in harmony with nature in order to survive. 6 8 92 87
4. Mankind is severely abusing the environment. 14 17 80 76
5. A society that emphasizes environmental protection over
economic growth. 19 21 62 59
6. A society that saves its resources to benefit future generations rather
than using them for the present generation. 16 14 73 73
7. Nature is OK but other things are more important vs. I cherish nature
and preserve it as one of the most precious things in life. 16 14 73 76
8. Generally speaking, how strongly do you favor oroppose the environmental
movement? 17 19 67 53
9. I perceive the condition of the world environment to be a large problem. 15 8 62 76
10. A country that encourages people to remake their environment to suit
their needs vs. a country that encourages people to adapt to their natural
environment. 17 15 73 71
1 1. A country that gets the energy it needs by better insulating its homes,
driving cars that use less gasoline, and conserving more energy vs. a country that
gets the energy it needs by digging more coal mines and drilling more oil wells,
building more power plants, and producing more energy. 19 12 71 77
12. Environmental problems are urgent. (an average across 10 problems) 14 15 7O 72
*Persons taking a neutral position on these questions are not reported in the table; hence, the percentages will not add to 100.
several other studies, show that within the US. public
there is substantial departure from the beliefs and values
of the old DSP; this departure is sizable in other advanced
industrial countries as well (Cotgrove 1982; Milbrath
1984). Repeated studies over the past 14 years since Earth
Day 1970 show that the level of support for
environmentalism continues to be quite high despite the
public's overwhelming preoccupation with economic woes
in the worldwide recession of the early 1980's.
The group in the lower left quadrant labeled "socialists
and communists" have long been advocates of major social
change in "Western" societies, but they are similar to the
business/industrial sector of society in their strong
emphasis on economic values and material wealth. Their
main difference from the capitalists is their preference for
planning and for public ownership of the means of
production, rather than private ownership that relies on
the market system to allocate goods and services. Despite
struggling for many years to win adherents to their point
of View, the socialists and communists have not had much
success in North America. They do not, presently,
constitute a strong force for social change there.
The "left—right" dimension that has been used for so
many decades to characterize political differences has less
relevance for beliefs with respect to the relationship
between humans and nature. Both left and right endorse
a strong valuation on material wealth; therefore, the left-
right dimension should be placed along the bottom of the
diagram. Many people, especially the young people in
modern industrial societies, ﬁnd that left versus right is
not very relevant for characterizing their political beliefs.
The "Green Party" in West Germany has as its motto, "We
are neither left nor right, we are in front." Interpreters
and consumers of public opinion should be cautious about
usi
ng
the
lef
t-r
igh
t d
ime
nsi
on
to c
har
act
eri
ze
pol
iti
cs a
nd
pol
iti
cal
sta
nce
s i
n m
ode
rn
ind
ust
ria
l s
oci
eti
es.
Eve
n
tho
ugh
the
env
iro
nme
nta
l v
ang
uar
d i
s pl
ace
d i
n t
he
upp
er
left quadrant of the ﬁgure, it should not be taken to mean
they are favorable to socialism or antagonistic to
capitalism. Most people in the vanguard find considerable
fault with both systems, particularly their dominating
emphasis on economic values. Quite a number of people
who think of themselves as environmentalists donot share
the strong desire for social change evident in the
vanguard. We have identified these people in the diagram
as "nature conservationists". They value highly a safe and
clean environment, but they tendalso to adhere to many of
the beliefs, values, and social structures of modern
industrial society. Many of them are politically
conservative, believing that our economic and political
forms are working well and should be continued. They
tend to have high conﬁdence in science and technology to
resolve most environmental problems. They are willing,
however, to accept strong laws and regulations for
protection of the environment. Many of the people in the
American business community (also many labor leaders)
fall in this category; they often call for a "balance" of
environmental values and material wealth values. To call
for balance leaves undefined, of course, the relative
weights persons would assign to environmental values
and economic values.
The "deep ecologists" are immersed in nature
emotionally and philosophically (Devall 1979, 1980, 1982a
and 1982b; Mitchell 1980; Naess 1973). While many
"reform environmentalists" have these same deep
feelings, those singled out here as deep ecologists typically
are not very involved in politics and political reform.
Many of them live in counter-culture communities that
are close to nature and minimally disturb the biosphere as
they interact with nature to provide their life needs; in
this sense they are both radical and conservative. In
philosophy and consciousness deep ecology is spiritual and
deeply attuned to the "organic community" (Bookchin
1982). Earth First is an organization that leads the deep
ecology movement; many of its members perceive
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th
em
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y m
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I c
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d
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.
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d
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Un
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.
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.
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bo
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s b
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P
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e d
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we
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un
tr
ie
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e
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e o
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NE
P
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ef
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ru
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ur
e
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gh
t
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em
er
ge
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pr
op
er
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of
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r
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log
ica
l-s
oci
o—p
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tic
o-e
con
omi
c s
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te
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Us
in
g B
el
ie
fs
an
d
Va
lu
es
To
Ex
pl
ai
n
Environmentalism
Mo
st
of
th
e
be
li
ef
an
d
va
lu
e
di
ff
er
en
ce
s
be
tw
ee
n
th
e
en
vi
ro
nm
en
ta
l
va
ng
ua
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an
d
th
e
DS
P
de
fe
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s
in
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e
re
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d
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e
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Ta
bl
e
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It
sh
ou
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be
re-
em
ph
as
iz
ed
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at
th
es
e
be
li
ef
s
an
d
va
lu
es
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te
r
in
to
st
ru
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ur
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, q
ui
te
li
te
ra
ll
y,
ar
e
id
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.
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e
be
tt
er
ed
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at
ed
an
d
mo
re
so
ph
is
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te
d
a
pe
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is,
th
e
mo
re
tig
htl
y o
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iz
ed
thi
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log
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l s
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uc
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re
is
lik
ely
to
be.
Ev
en
th
ou
gh
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e c
an
spe
cif
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nt
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an
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n
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e
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do
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co
me
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nm
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s
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e
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"
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il
e
se
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t
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at
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e
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lf
—i
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ru
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e b
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t i
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we
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y
bu
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o
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e w
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fe b
e
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e
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y
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a
cle
an
and
bea
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ful
env
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nme
nt
in
whi
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to l
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and
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rea
te?
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t
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the
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nte
res
t o
f a
poo
r l
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for
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o
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m
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If
sy
st
em
s
ar
e
to
be
ﬂex
ibl
e,
sel
f c
orr
ect
ing
,
an
d
sta
ble
(i.e
., i
f t
he
y a
re
to
be
ab
le
to
“le
arn
”),
th
ey
mu
st
ha
ve
wel
l-
fun
ct
io
ni
ng
fe
ed
ba
ck
loo
ps.
...
[W
]e
do
no
t
pr
es
en
tl
y
ha
ve
an
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eq
ua
te
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ni
to
ri
ng
sy
st
em
of
societal beliefs and values.
Early childhood experiences are probably quite
imp
ort
ant
.
Per
son
s w
ho
lea
rn
ear
ly
in
life
to
lov
e a
nd
ch
er
is
h
na
tu
re
ar
e
lik
ely
to
re
ta
in
th
at
va
lu
e;
thi
s w
ill
inf
lue
nce
lat
er
dec
isi
ons
wit
h
res
pec
t t
o t
rai
nin
g a
nd
car
eer
cho
ice
.
Sim
ila
rly
,
per
son
s
wh
o
dev
elo
p
co
mp
as
si
on
at
e
pe
rs
on
al
it
ie
s l
ea
rn
ho
w
to
em
pa
th
iz
e
wi
th
an
d
fee
l t
he
joy
s a
nd
suf
fer
ing
of
oth
er
peo
ple
s,
oth
er
spe
cie
s,
and
oth
er
gen
era
tio
ns.
Thi
s a
bil
ity
to e
mpa
thi
ze
nat
ura
lly
lea
ds
th
em
to
tak
e a
wid
er
ran
ge
of f
act
ors
int
o
con
sid
era
tio
n a
nd
to
tak
e a
lon
ger
ti
me
per
spe
cti
ve
wh
en
ma
ki
ng
dec
isi
ons
; s
uch
per
son
s a
re
mu
ch
mor
e l
ike
ly
to
se
e
th
e
im
po
rt
an
ce
of
en
vi
ro
nm
en
ta
l
pr
ot
ec
ti
on
(B
or
de
n
an
d F
ran
cis
197
8;
Mi
lb
ra
th
197
5,
197
9,
an
d 1
984
).
An
exp
lan
ato
ry
fac
tor
tha
t i
s n
ot
oft
en
con
sid
ere
d,
but
wh
ic
h
is
vit
all
y
im
po
rt
an
t
for
un
de
rs
ta
nd
in
g
en
vi
ro
nm
en
ta
li
sm
,
is
so
ci
al
le
ar
ni
ng
.
So
ci
et
y
is
sl
ow
ly
be
in
g f
or
ce
d t
o r
ec
og
ni
ze
ho
w
hu
ma
ns
ar
e
in
ju
ri
ng
the
ir
env
iro
nme
nt.
Mos
t
per
son
s
wh
o
hav
e
bec
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env
iro
nme
nta
lis
ts
hav
e
gon
e
thr
oug
h
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exp
eri
enc
e
cal
led
f'c
ons
cio
usn
ess
rai
sin
g".
Con
sci
ous
nes
s r
ais
ing
is a
total societal function; it is a necessary ingredient in social
learning (Arbuthnot and Lingg 1975; Milbrath 1975).
Most people in the United States became aware of
pollution problems in the 1960's but did not become aware
of resource depletion and toxic waste problems until the
late 1970's; social learning was taking place in both
instances. In social learning, nature is our most powerful
teacher. When we begin to hurt seriously, or when our
world no longer works the way it is supposed to, it becomes
very important to learn about this new environmental
condition with which one must come to terms. Our studies
show numerous instances where people have learned to
become environmentalists (Milbrath 1975 and 1984);
interestingly, there are almost no instances of people
learning to become non- or anti-environmentalists.
The importance of environmental beliefs and values for
social change, and for politics, centers on the struggle
between the vanguard and the rearguard (identiﬁed in
Figure 1) as they both strive to have their belief
paradigms dominate the thought patterns and the
decisional processes of modern industrial societies. Social
learning is the main social process providing hope to the
vanguard that their new environmental paradigm can
become the dominant social paradigm. How far has that
social learning progressed? What are the possible
consequences of this learning process for politics and social
change in the near future?
The Environmentally Stimulated Thrust for Social
Change (NEP) and Resistance to It (DSP)
The best evidence that we can bring to bear on these
questions derives from a three—nation (England, West
Germany, and the United States) comparative study of
environmental beliefs and values. In this study,
information was gathered not only from a random sample
of the public but also from samples of the following elites:
environmentalists, business leaders, labor leaders, and
 
elected and appointed officials. The study was conducted
in the three nations using mail questionnaires
(approximately 50% response rate) in 1980 and was
repeated in 1982. The questions were crafted through
extensive pretests and were as close to identical as
possible in each country and each year. [Ed. Note:
Readers wishing more detail on the study should consult
Milbrath (1984) or write the author. A copy of the 1980
questionnaire is appended to this paper as Exhibit A.]
One crucial difference between adherents of the old
dominant social paradigm and the advocates of a new
environmental paradigm is the conception each group has
of the relationship between humans and nature. Humans
have always drawn their sustenance from nature, but
people differ in their beliefs about the extent to which it is
appropriate for humans to manipulate and control nature.
In essence, it comes down to a value question: which do we
value more highly — keeping nature relatively unspoiled
and healthy or acquiring material wealth? One section of
the questionnaire was introduced by this statement: "The
following are contrasting statements on emphases or
directions our society should be taking. Please mark the
box with the number indicating the extent of your
preference for one or the other emphasis." The contrasting
emphases were separated by a seven-point semantic-
differential-type scale.
Figure 2 shows the contrasting emphasis people in the
US. gave to preserving nature for its own sake versus
using nature to produce goods. One powerful impression
from Figure 2 is the broad distribution of people across all
seven categories. The mean score for the public in the
United States is very close to the middle category. We
should not infer from the table that individuals are
experiencing severe inner conﬂict between these two
values; if that were the case, there would be high
percentages in the middle categories. The more valid
inference is that people hold widely differing beliefs about
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Figure 2
the
proper relationship between
humans
and
nature.
Our
study
showed
that
nearly
all
environmentalists
believe
that
nature
should
be
preserved
for
its
own
sake
while
business
leaders
are
more
likely
to
emphasize
using
nature
to produce
material
goods.
The
people
in
modern
industrial
societies
are
in
such
disagreement
about
the
proper
relationship
between
humans
and
nature
that
this
value
difference is likely
to be
a
major
area
of contention
for many years to come.
It
is
rare
for
humans
to
wantonly
destroy
nature;
usually
humans
destroy nature as they pursue
other goals
that
they
perceive
to
be
overriding.
People
in
modern
industrial
societies
have
quite
different
perceptions
as
to
whether or not nature is being
seriously damaged.
Most
of
the
people
in
the
rearguard
perceive
that
there
is
some
environmental
damage,
but they believe
it to be
moderate
and
that
it
can
readily
be
corrected
by
technological
development and legal constraints. These people typically
have
a
strong
faith
in
the
efficacy
of
science
and
technology for solving most problems.
The word "faith"
seems
appropriate
here
since
this
strong
belief is
almost
of
a religious character.
People
on
the
other
side,
the
vanguard,
perceive
the
damage
to
nature
to
be
much
more
threatening,
virtually
undermining
the
capability
of
the
society
to
survive.
These
people
typically
have
m
u
c
h
less
faith
in
science
and
technology
and
believe
that
nothing
short
of a
basic
social
change
will
suffice
to
resolve
environmental
problems.
As
Cotgrove
(1982)
has
said,
the
difference
between
these
worldviews
is
so
great
that
the
protagonists
talk
past
each
other
in
frustrating
incomprehension.
The
"nature
conservationists"
are
likely
to
side
with
the
vanguard
in
believing
that
environmental
damage
is
serious;
but
they
also
are
likely
to
side
with
the
rearguard
in
believing
that
most
environmental
problems
can
be
solved
by
technological
fixes.
In
our
study
we
asked
people
which
kind
of
change
was
most
needed
to
solve
environmental
problems.
The
percentages
of
the
people
choosing
between
these contrasting viewpoints
are
reported in Table
3.
It
is
clear
from
the
table
that
people
in
modern
industrial
societies
are
quite
divided
on
this
issue
as
well.
Note
that
there
is
greater
polarization
here
than
in
Figure
2,
with
only
a
few
taking
a
neutral
position.
Environmentalists
very
strongly
take
the
position
that
a
basic
change
in
society
is
needed,
while
business
leaders
almost
equally
strongly
declare
that
better
scientific
and
technical
development
is
the
answer.
The
division
between
these
two
groups
is
even
sharper
in
Germany
than
it is in
the
United
States.
As
a
matter
of
fact,
all
of
the
groups
in
Germany
are
more
sharply
divided
on
this
issue.
English
respondents,
from
all
four
groups,were
inclined
m
o
r
e
toward
basic
change
than
their
counterparts
in
Germany
or
the
United
States,
where
faith
in
technology
is
exceptionally
strong.
So
strong
is
this
belief
in
technology,
especially
a
m
o
n
g
business
leaders
and
public
officials,
that
m
a
n
y
refuse
to
believe
it
cannot
solve
the
problem
of
shortages
in
natural
resources.
 
Table 3
WHAT KIND OF CHANGE IS MOST NEEDED TO SOLVE OUR
ENVIRONMENTAL PROBLEMS?
     
Greater Scientific
Basic Change
and Technical
in Nature
Development
of Society
3
2
1
0
1
2
3
Mean*
United States 1980
General Public
18
1O
9
11
13
13
25
4.47
Environmentalists
5
3
6
14
14
19
39
5.42
Business Leaders
40
23
7
7
8
6
7
2.46
Labor Leaders
40
13
1
8
8
10
19
3.37
Elected Officials
15
13
13
11
25
11
11
4.11
Appointed Officials
16
18
12
13
20
11
11
3.79
Media Gatekeepers
20
16
14
14
14
9
14
3.68
United States 1982
General Public
12
9
9
11
14
19
26
4.85
Environmentalists
7
8
5
1O
13
23
35
5.21
Business Leaders
33
21
13
9
8
8
8
2.94
Labor Leaders
22
13
11
8
12
16
18
3.99
Elected Officials
15
24
4
13
13
20
11
3.89
71
Appointed Officials
17
24
10
10
11
19
8
3.64
Germany 1982
General Public
29
13
6
9
6
13
25
3.88
Environmentalists
14
5
3
7
6
19
46
5.27
Business Leaders
52
21
6
6
4
6
5
2.27
Members of Parliament
32
16
7
1O
11
12
12
3.36
England 1982
General Public
8
11
6
9
11
17
37
5.04
Environmentalists
3
2
4
6
13
22
50
5.88
Business Leaders
15
16
12
10
16
17
15
4.06
Public Officials
7
21
9
13
16
13
21
4.34
*The scale positions were coded 1—7 from left to right for data analysis. The mean score for each group is based on that numerical scale.
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Table 4
A SOCIETY THAT EMPHASIZES:
(Percentage in each response category)
 
Enviro
nmenta
l
Econo
mic g
rOWth
protection over over environ-
economic growth. mental protection
3 2 1 0 1 2 3 Mean Mean
80 82 80 82 80 82 80 82 80 82 80 82 80 82 80 82
United States
Genera
l Publ
ic
26
21
18
21
18
17
19
20
8
9
5
7
6
5
2.99
3.17
Envir
onmen
talis
ts
52
45
24
27
8
12
12
12
1
1
1
3
2
1
1.97
2.12
Busin
ess L
eader
s
8
5
5
7
16
8
30
3O
28
29
6
14
8
7
4.16
4.40
Labor
Leade
rs
20
23
18
14
13
17
29
26
5
12
8
3
6
5
3.26
3.16
Appoi
nted
Offici
als
12
5
15
19
21
17
34
34
11
17
7
8
1
0
3.45
3.62
Elect
ed Of
ficial
s
5
13
19
17
23
17
32
36
12
9
5
4
4
4
3.58
3.40
Medi
a Ga
tekee
pers
11
—
15
—
24
—
29
—
17
—
1
—
4
—
3.48
—
United Kingdom
Gener
al Pu
blic
29
28
19
24
18
11
22
16
6
8
2
6
4
7
2.80
2.955
Conservation Society
(same as Environ—
menta
lists
in 82)
66
57
25
27
3
9
5
4
1
2
0
1
0
O
1.48
1.70
Natur
e Con
serva
tioni
sts
44
—
23
—
15
—
13
—
2
—
2
—
2
v
2.18
7
Busin
ess L
eader
s
13
10
15
18
20
17
37
35
10
12
3
6
3
3
3.38
3.49
Labor
Leade
rs
28
—
14
—
19
—
26
7
5
—
4
—
4
7
2.95
—
Publi
c Off
icials
13
14
19
19
25
22
27
29
11
3
6
3
1
3.23
3.22
Germany
Gener
al Pu
blic
38
31
13
13
9
11
18
13
6
8
5
12
11
12
2.99
3.38
Envir
onmen
talis
ts
56
61
20
14
5
5
6
5
4
3
3
7
6
5
2.16
2.14
Busin
ess L
eader
s
17
7
14
14
11
14
31
29
15
19
9
15
4
2
3.55
3.92
Publi
c Off
icials
26
13
22
22
9
18
28
28
9
10
4
6
1
3
2.88
3.28
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monitoring system) has important systemic consequences.
Res
our
ce
man
age
rs,
for
exa
mpl
e,
ma
y
not
rea
liz
e t
he
strong base of public support they have for actions they
might take to protect natural resources and ecosystem
int
egr
ity
.
Leg
isl
ato
rs
ma
y
not
rea
liz
e
the
wei
ght
of
support available for environmentally protective
legislation. Candidates may stress economic values at the
exp
ens
e o
f en
vir
onm
ent
al
val
ues
, n
ot
rec
ogn
izi
ng
tha
t t
he
public wants a safe and clean environment just as much as
it wants jobs and prosperity. Negotiators of Canada/US.
treaties and agreements may not adequately recognize the
str
eng
th
of
sup
por
t (
or
opp
osi
tio
n)
wit
hin
the
pub
lic
of
North America for various provisions being considered by
the negotiators. Because of considerations like these, it is
just as important to monitor how people in North America
think, believe, and value as it is to monitor the status and
flows of the physical ecosystem of the continent.
Resource Values as an Important Part of the
Ideology Relevant for Boundary Region Monitoring
The value that people place upon a natural resource is
an important component of an ideological structure that
should be monitored. People's values can be measured
quite straightforwardly; it is much easier than is
commonly supposed. Since natural resources are located
in some physical place, questions about their value often
focus on a region such as a watershed or a lake/river basin.
For this aspect of ideological monitoring, then, it probably
would be sensible to divide up the boundary region into
delimited ecosystemic units, such as the Great Lakes
basin.
These points can be supported by citing a survey study
of the beliefs and values people hold about the Great Lakes
that we recently completed at the Environmental Studies
Cen
ter
at
SU
NY
Buf
fal
o.
In
the
spr
ing
of 1
984
we
sen
t a
mail questionnaire, in two waves, to a random sample of
hou
seh
old
s i
n E
rie
and
Nia
gar
a c
oun
tie
s (
bor
der
ing
on
Lake Erie, the Niagara River, and Lake Ontario) in
western New York; we also sent the questionnaire to a
sample of households across the river in the Niagara
municipality of the Province of Ontario, Canada.
Questionnaires were sent to 1,572 households on the US.
side; 664 useable questionnaires were returned, for an
overall response rate of 41%. On the Canadian side,
questionnaires were sent to 522 households; 246 useable
questionnaires were returned for an overall response rate
of 39%. Had we had sufficient funds for a third mailing,
we could have boosted that response rate to approximately
50%. A copy of the questionnaire is appended to this paper
(Exhibit B).
Three sets of findings from this study are so emphatic
that their validity cannot be doubted. They will illustrate
the usefulness of monitoring beliefs and values about a
boundary region ecosystem such as the Great Lakes. The
opening question in the study asked, "How important are
the Great Lakes for your future welfare?" Respondents
could check a position on a seven-point scale; the
percentages of each sample falling in each of the seven
categories on this scale are reported in Table 5. It is clear
from the table that the people in the two counties of
Western New York overwhelmingly agree that the Great
Lakes are important to them; note that 59% are in the
highest category. The Canadian respondents across the
river were even stronger in declaring the Great Lakes to
be very important. This is the ﬁrst bit of evidence of a very
high level of public support for Great Lakes protection.
Buffalo currently is in the process of planning the
revitalization of its waterfront. Respondents were asked,
"What values should be given to the following uses of the
waterfront land?" The scale that was presented to them is
shown at the top of Table 6. Readers might wonder why
the responses from Canadians are included in that table
sin
ce
wat
erf
ron
t l
and
use
s a
re
the
pri
mar
y c
onc
ern
of
Buffalonians. Actually, some Canadians look right across
Table 5
IMPORTANCE OF GREAT LAKES FOR
RESPONDENTS' FUTURE WELFARE
 
U.S. Canada Total
Not important
at all 1 3 2 2.5
2 1 1 1
3 4 2 3.5
4 9 5 8
5 12 9 11
6 12 13 12
Very important 7 59 69 62
Mean 5.99 6.34 6.09
the river at Buffalo's waterfront; additionally, whatever
use
is m
ad
e o
f w
ate
rfr
ont
lan
d a
ffe
cts
the
qua
lit
y o
f o
ur
common waterway on the border.
The table illustrates how it is possible to measure
and compare public values with respect to the
management and disposition of a natural resource. Note
in the table that the people in Western New York are quite
div
ide
d
abo
ut
wha
t
val
ues
sho
uld
be
pla
ced
on
com
mer
cia
l,
tra
nsp
ort
ati
on,
and
res
ide
nti
al
use
of
the
wat
erf
ron
t;
the
per
cen
tag
e
dis
tri
but
ion
acr
oss
the
sev
en
cat
ego
rie
s is
nea
rly
equ
al.
The
Can
adi
ans
wou
ld
giv
e a
bit
les
s e
mph
asi
s t
o c
omm
erc
ial
and
tra
nsp
ort
ati
on
use
s.
The
peo
ple
in
bot
h c
oun
tri
es
are
str
ong
ly
opp
ose
d t
o
us
e
of
th
e
wa
te
rf
ro
nt
fo
r
wa
st
e
di
sp
os
al
,
an
d
th
ey
ar
e
eq
ua
ll
y
em
ph
at
ic
in
su
pp
or
ti
ng
re
cr
ea
ti
on
al
us
e
of
th
e
wa
te
rf
ro
nt
.
In
du
st
ri
al
us
e o
f t
he
wa
te
rf
ro
nt
als
o w
as
qui
te
div
isi
ve
wi
th
th
re
e
ti
me
s
as
ma
ny
gi
vi
ng
it
th
e
lo
we
st
po
ss
ib
le
ev
al
ua
ti
on
as
ga
ve
it
th
e
hi
gh
es
t
po
ss
ib
le
ev
al
ua
ti
on
on
th
e
Ne
w
Yo
rk
sid
e;
Ca
na
di
an
s
we
re
mo
re
lik
ely
to
rej
ect
in
dus
tr
ia
l
use
.
Th
e
div
isi
on
ov
er
in
du
s-
trial use of waterfront land among western New Yorkers
illustrates a valuational difference in the population that
was discussed earlier in connection with Figure 1. Some
people highly value material wealth, while others seem to
prefer a safe and clean environment; some people would
like to use nature mainly to produce consumer goods,
while others value nature for its own sake (see also Figure
2). This basic belief and value difference was detectable in
several ofthe survey findings.
Perhaps the most interesting ﬁndings from the study
derived from questions asking people to trade off certain
values that could come into conﬂict as decisions are made
about the management of the Great Lakes. The questions
and percentages of each sample responding in each
category on the scales are reported in Table 7. In the ﬁrst
question (top of table), recreational beneﬁts are traded off
against economic beneﬁts. When faced with that choice,
the U.S. sample was quite divided with approximately
equal precentages falling in each of the seven categories.
Canadian respondents leaned slightly more towards
recreational beneﬁts, but the distribution there was quite
wide as well.
Table 6
LAND-USE VALUES TO BE EMPHASIZED
ON BUFFALO’S WATERFRONT
 
Low High
value 1 2 3 4 5 6 7 value Mean
Commercial
U.S. 11 10 12 20 15 14 18 4.31
Canada 20 14 17 24 9 7 9 3.48
Transportation
U.S. 10 7 10 21 17 15 21 457
Canada 15 8 17 19 15 9 7 4.07
Residential
U.S. 12 7.5 14 13.5 17 13 16 428
Canada 10 7 14 21 21 12 14 4.31
Waste disposal
U.S. 68 9 8 5 3 2 5 1.94
Canada 84 5 2.5 1 .5 .5 6 1.54
Recreational
U.S. 1 1 3 7 10.5 20 58 6.15
Canada 2 1 2 7 1O 18 59 6.15
Industrial
U.S. 34 16 11 14 6 13 3 10
Canada 53 12 9 10 7 1.5 7 2 4O
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Table 7
VA
LU
E T
RA
DE
-O
FF
EM
PH
AS
ES
IN
MA
NA
GI
NG
TH
E
GR
EA
T
LA
KE
S
   
Rec
rea
tio
n o
ver
eco
nom
ic
ben
efi
ts
1
2
3
4
5
6
7
Eco
nom
ic
ben
efi
ts
ove
r r
ecr
eat
ion
Mean
Uni
ted
Sta
tes
14.5
12
13
16
12
13.5
19
4.1
3
Can
ada
20
17.
5
10
23
9
11
10
3.5
7
Hig
h w
ate
r le
vels
for
shi
ppi
ng
8
Low
wat
er
leve
ls f
or w
ide
r
pow
er
1
2
3
4
5
6
7
bea
che
s a
nd
less
ero
sio
n
Uni
ted
Sta
tes
23
17.
5
15
19
15
11
0
3.1
7
Can
ada
14
15
17
25
13
16.
5
0
3.5
8
Sha
rin
g G
rea
t L
ake
s w
ate
r w
ith
Kee
pin
g G
rea
t L
ake
s w
ate
r i
n th
e
dry
area
s
1
2
3
4
5
6
7
regi
on
75
Unit
ed S
tate
s
8
6
10.5
9
7
2
47
5.28
Can
ada
12
15
11
13
8
16
25
4.40
Clea
n wa
ter
even
if ta
xes
go u
p
Keep
ing
taxe
s d
own
and
acce
pt-
by 5
%
1
2
3
4
5
6
7
ing
dirti
er w
ater
Unit
ed S
tate
s
50
20
14
10
2
1
3
2.10
Can
ada
69
13
10.5
4
1
1
1
1.64
Beaut
iful
wate
r an
d sho
relin
es
1
2
3
4
5
6
7
Shore
lines
with
indus
try (
and
jobs)
Unit
ed S
tates
36
16
11
13
8
5
12
3.04
Cana
da
46
18
13
9
5
4
5
2.40
Lowe
r tax
es a
nd p
rices
leavi
ng
High
er t
axes
and
price
s to
clean
toxic
dump
s as
they
are
1
2
3
4
5
6
7
up t
oxic
dump
s
Unit
ed S
tate
s
3
2
5
11.5
18
20
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On the second question, which traded off high water
levels versus low water levels, the U.S. sample leaned
toward high water levels more than the Canadian sample,
but there was quite a wide distribution in both samples;
note that no one was strongly in favor oflow water levels.
On the third question, U.S. respondents were quite
strongly in favor of keeping Great Lakes water in the
basin rather than sharing it with dry areas; Canadian
respondents leaned somewhat in that direction also, but
were more tolerant toward the idea of sharing with other
areas.
The media and public discourse have led most of us to
believe that people are adamantly opposed to taxes being
raised. They lead us further to believe that, given a choice
between economic values and environmental values,
people will choose economic values. A good monitoring
system could help us discover whether or not those beliefs
are true. Responses to the fourth question in Table 7
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want beautiful water and shorelines. Some people would
give up beautiful water or shorelines in order to have jobs,
but our data suggest that for every one of those in the U.S.
sample there are nearly three others who would keep
industry away from shorelines, even at the possibility of
losing jobs. The people in the Canadian sample even more
strongly valued beautiful water and shorelines.
 
The lack of an adequate feedback loop on belief and
value change (which lack could be corrected by a
good monitoring system) has important systemic
consequences.... [I]t is just as important to monitor
how people in North America think, believe, and
value as it is to monitor the status and ﬂows of the
physical ecosystem ofthe continent.
Questions like those just discussed could easily be
asked throughout the Great Lakes basin (or in any of the
other boundary regions) and would provide valuable
information for public policy makers. "(It would be
interesting and important, for example, to compare the
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Other Categories of Ideology for
3 Monitoring Network
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Canadian top level civil servants are given greater
latitude for policy making than top level civil servants
in the U.S., as another example. Careful questioning of
the public in both countries can draw out these subtle
differences, differences that are important to understand
for effective policy making.
Some Suggestions for Implementing the Ideological
Component of a Monitoring System
I emphasize once more that the only effective way to
ﬁnd out how people think, believe, and value is to ask
them. Careful research into the methods of sample
surveys makes this task quite feasible, reliable, and valid.
There are good survey research organizations in both
Ca
na
da
and
the
US
. t
hat
can
car
ry
out
suc
h s
tud
ies
. T
hey
should operate from a common conceptual framework and,
insofar as possible, use a common questionnaire. A fertile
imagination is crucially important for study design,
question wording, data analysis, and interpretation.
Adequate and reliable monetary support are essential for
periodic samplings; without a number of readings across
time it is difﬁcult to monitor changes in beliefs and values.
Even though periodic sample surveys are costly, they are
no more costly than other forms of ecosystem monitoring.
For some components of ideological monitoring, such as
DSP versus NEP beliefs and values, nationwide sample
sur
vey
s
wou
ld
be
sat
isf
act
ory
.
For
stu
dyi
ng
nat
ura
l
resource values and resource usage patterns, however, it
would make more sense to question a sample of people
living in a given watershed or other identifiable regional
eco
sys
tem
, s
uch
as
the
Gre
at
Lak
es
bas
in
or
the
Col
umb
ia
River valley. Since much of the monitoring of the physical
characteristics of ecosystems also will be regionalized, the
 ideological monitoring should adhere to the same regional
deﬁnitions.
Conclusion
In this paper I have made some suggestions about
appropriate structures for thinking about the ideological
component of a North American monitoring system. I also
have provided a sample of questions and ﬁndings, not only
to illustrate how they might be constructed, but also to
illustrate their power to shatter myths and to reorient the
perceptions of public policy makers. I have not presented a
blueprint for the full ideological component of that
monitoring structure. That should be the product of many
minds coming from various backgrounds, as well as from
various states and provinces in our two countries.
The summary categories for what I believe should be
included in ideological components of a transboundary
monitoring network are:
1. Measures of DSP vs. NEP values and beliefs (refer
to Table 1).
2. Measures of values about natural resource use.
3. Measures of value trade-offs on crucial resource
management questions.
4. Measures of how people actually use their natural
resources.
5. Measures of knowledge and concern.
6. Measures of beliefs about citizen participation and
its efﬁcacy.
7. Measures of subtle national differences in style and
practice.
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Faced with a complex environment, all of us resort to cognitive Over-
simplifications and wishful thinking, in an attempt to achieve an
often illusory control over our lives. The resulting biases in
judgement may lead to unfortunate decisions, as well as exacerbating
disputes over such matters as the interpretation of environmental
data. The detrimental effects of such biases are sufficient to warrant
greater attention to the phenomenon.
— Alan Miller, "Psychological Biasesin
Environmental Judgements" (1985)
And for the subtler sense subtler refrains dread Mother,
Preludes of intellect tallying these and thee, mind-formulas
fitted for thee, real and sane and large as these and thee,
Thou! mounting higher, diving deeper than we knew
— Walt Whitman, "Thou Mother With Thy Equal Brood "
To be on the lookout for differences was, notunnaturally, to begin to
meet them just over theborder and see them increase and multiply....
The answer, perhaps, in the event, still eluded us, but the pursuit
itself, away across State lines, through zones of other manners,
through images of other ideals, through densities of other values,
into a separate sovereign civilization became, in all the conditions,
one of the finer flowers of experience.
— Henry James, The American Scene (1907)
Sjoberg concluded that people, including experts, use much less
information than they believe they do and that they are generally
unaware of how they make inferences during decision-making. One
consequence of this over-confidence and lack of awareness is that
biases go unnoticed, so that precautions which might be taken to
ameliorate their more negative effects are not taken. This
consequence is unfortunate, to say the least, because the complexity
of environmental problems and the information overload on most
issues force us to resort to a variety of simplifications when reaching
decisions. These simplifications, which may have a primarily cognitive
(heuristic, rule of thumb) or motivatiOnal (wishful thinking) basis,
invariably biasjudgement.
The purpose of this paper is to examine the role of cognitive and
motivated biases which affect the judgements involved in
environmental planning and management. The assumption is that, if
professionals become aware of the more negative aspects of bias,
they may be willing to take the necessary steps to deal with the
matter. I am, however, aware of the conclusion of Fischoff et al.
and Slovic et al. , that many of the biases to be discussed are
resistant even to extensive training, as well as of Bennett's finding
that people tend to be reluctant to examine the reasons for their
mistakes and errors...
Biases result from an interaction between a complex environment
and human limitations. The strategies we use to simplify the problem
before us are a necessary consequence of our inability, as individuals,
to cope with the information overload facing us. We appear to be at
our best when dealing with circumscribed problems, within closed
systems, of the kind found in certain engineering and technical areas.
However, environmental problems are more ambiguous, more
difficult to bound and include psychosocial as well as technical
aspects. In addition, environmental problems involve a profusion of
low probability events, an area of decision-making which has proved
exceptionally difficult for the human mind. Thus, biases are
inevitable, but it is not inevitable that they should remain
undetected, or that they should continue to have negative con-
sequences.
—— Alan Miller, “Psychological Biases in Environmental
Judgements" (1985)
Exhibit A
INTERNATIONAL ENVIRONMENT SU RVEY
(How to Fill Out This Questionnaire)
This questionnaire primarily seeks your opinion. There are no right or wrong answers. It will
be apparent that many questions deal with the environment. Please don’t tell us what you
think we want to hear. These are complicated problems with conflicting values. Please tell us
what you really think.
As you know, the same word can mean different things to different people; hence, it is
impossible to find a general wording to exactly suit every person. Please bear with us if the
wording of an item doesn’t seem quite right to you from time to time and do your best to
answer the question. We hope we have gotten the wording “right” for you most of the time.
Please pay close attention to the directions for each part of the questionnaire. Generally,
you will indicate your response by circling a number on a scale.
For example, some questions ask you to choose between opposing views:
lprefer warm weather [E E lprefer cold weather
If you strongly prefer one or the other you would circle a . If you have no preference,
can't decide, or don't know, you would circle a lf you have a slight preference you would
circle a [I] or 8 depending on the strength of your preference. Other items will use other
kinds of scales which are self—evident. In each case circle one response.
Many thanks for your help!
Here are a number of statements about society and the
environment. Please circle the number that comes closest
to expressing the extent of your agreement or disagree-
ment with the item.
strongly strongly
disagree agree
1.1 There are likely to be serious and disruptive —3 +2 —1 0 1+ 2+ 3+
shortages of essential raw materials if things
go on as they are.
1.2 The storage of nuclear wastes is too —3 —2 +1 0 1+ 2+ 3+
dangerous.
1.3 industrial societies provide a high level of well-
being for most people who live in them.
1.4 We are approaching the limit of the number of —3 —2 —1 0 1+ 2+ 3+
people the Earth can support.
1.5 A nuclear accident resulting in the contamina— —3 —2 —1 0 1+ 2+ 3+
tion of the environment is increasingly likely.
1.6 The good effects of technology outweigh its —3 -2 —1 0 1+ 2+ 3+
bad effects.
1.7 We are fast using up the world’s oil resources. —3 —2 —1 0 1+ 2+ 3+
1.8 Humans must live in harmony with nature in —3 —2 —1 0 1+ 2+ 3+
order to survive.
1.9 There isaneedfor nuclear power. —3 —2 —1 0 1+ 2+ 3+
_
;
.10
2.1
2.2
2.3
2.4
2.5
2.6
2.7
Science and technology are our best hope for
the future.
Economically disruptive energy shortages are
likely to become more frequent if we go on as
we are.
There are limits to growth beyond which our
industrialized society cannot expand.
We are being involved less and less in impor—
tant decisions which shape our lives.
We are in danger of letting technology run
away with us.
Pollution is rising to dangerous levels.
The balance of nature is very delicate and
easily upset.
Mankind is severely abusing the environment.
 
strongly strongly
disagree agree
—3 +2 —1 0 1+ 2+ 3+
—3 —2 —1 0 1+ 2+ 3+
-3 —2 —1 0 1+ 2+ 3+
—3 —2 —1 0 1+ 2+ 3+
—3 —2 —1 0 1+ 2+ 3+
+3 —2 —1 0 1+ 2+ 3+
—3 —2 —1 0 1+ 2+ 3+
-3 —2 —1 0 1+ 2+ 3+
 
The following are contrasting statements about emphases or
directions our society should be taking. Please circle a
numbered box on the scale indicating the extent of
preference you have for one or the other emphasis for our
Elﬁl
society.
A society that em-
phasizes economic
growth.
A society that em-
phasizes being careful
not to harm nature.
A society which at—
taches relatively less im—
portance to law and
order.
A society that plans to
avoid risks in the pro—
duction of wealth.
A society that em—
phasizes economic
rewards for initiative
and achievement.
A society which em—
phasizes work which is
humanly satisfying.
A society that em—
phasizes foresight and
planning for the public
good.
Elﬁl
EJE
Elli]
ENE
BENZ]
@EEI
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A society that limits economic
growth.
A society that emphasizes
using natureto produce more
consumer goods.
A society which attaches
relatively more importance to
law and order.
A society that recognizes that
risks are unavoidable in the
production of wealth.
A society that ensures a
minimum standard of living
for everyone.
A society where work is con»
trolled mainly by economic
needs.
A society that relies on the
supply and demand market to
maximize the public good.
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—
_
—
—
_
—
_
—
—
—
_
_
—
_
_
*
2.8
2.9
2.10 A society in which people
2.11
2.12
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
m E] Asociety with few chances
for citizens to have a say in
government and which
doesn’t expect its citizens to
give much time to politics.
A society with many
chances for citizens to
have a say in govern—
ment and which ex-
pects its citizens to give
some time to politics.
KNEE
A society which emphasizes
similar incomes for everyone.
A society which
recognizes differences
in income related to
skill, education and
achievement.
E} E] [a A society in which people are
judged largely by what they
are judged by the kinds of have achieved.
people they are.
A society in which there is E] [El
an emphasis on rules
which are the same for
everybody.
A society in which personal
considerations play a large
part.
El Asociety that emphasizes
economic growth over an
vironmental protection.
A society that emphasizes
environmental protection
over economic growth.
Please circle the response that best expresses your view.
In selecting a location for a vacation, how important are the following?
not at all very
important important
A clean and attractive landscape 1 2 3 4 5 6 7
The opportunity to make contact with others 1 2 3 4 5 6 7
easily
Isolated and unspoiled nature 1 2 3 4 5 6 7
Interesting sights (museums, monuments) 1 2 3 4 5 6 7
Exotic cultures 1 2 3 4 5 6 7
Adventure 1 2 3 4 5 6 7
Good shopping 1 2 3 4 5 6 7
Cheap food and accommodation 1 2 3 4 5 6 7
Do you separate your household rubbish (e.g. glass, paper) for recycling?
never always
1 2 3 4 5 6 7
Is it easy or difficult for you to find a recycling station?
difficult easy
~1 —2 —3 0 1+ 2+ 3+
Do you take into account the amount of packaging on goods when you buy?
never always
1 2 3 4 5 6 7
Do you participate actively on environmental issues?
a) no
b) yes
3.13 Do you belong to any environmental groups?
a) no
b) yes, one or two
c) yes, three or more
Do you belong to any nature conservation association?
a) no
b) yes, one or two
c) yes, three or more
3.14
3.15 If you observed a bad case of pollution, would you know where to take a complaint?
a) no
b) not sure
c) yes, definitely
3.16 How likely would you be to complain to someone in authority?
a) not likely
b) somewhat likely
c) very likely
3.17 Have you ever complained to someone in authority?
a) no
b) yes
 
How urgent are the following environmental problems in this country?
not very
urgent urgent
4.1 Noise 1 2 3 4 5 6 7
4.2 Air pollution 1 2 3 4 5 6 7
4.3 Water pollution 1 2 3 4 5 6 7
4.4 Overpopulation ‘ 1 . 2 3 4 5 6 7
4.5 Solid waste disposal 1 2 3 4 5 6 7
4.6 Toxic wastes 1 2 3 4 5 6 7
4.7 Nuclear wastes 1 2 3 4 5 6 7
4.8 Destruction of land- and townscape 1 2 3 4 5 6 7
4.9 Depletion of natural resources (trees, minerals, 1 2 3 4 5 6 7
wildlife)
4.10 Energy 1 2 3 4 5 6 7
in the next 10 years do you believe the following problems will get worse or be solved in this
country?
get worse be solved
4.11 Noise —3 —2 —1 0 1+ 2+ 3+
4.12 Air pollution —3 —2 —1 0 1+ 2+ 3+
4.13 Water pollution —3 —2 —1 0 1+ 2+ 3+
4.14 Overpopulation —3 —2 —1 0 1+ 2+ 3+
4.15 Solid waste disposal —3 —2 —1 0 1+ 2+ 3+
4.16 Toxic wastes —3 —2 —1 0 1+ 2+ 3+
4.17 Nuclear wastes —3 —2 —1 0 1+ 2+ 3+
4.18 Destruction of land- and townscape —3 —2 ——1 0 1+ 2+ 3+
4.19 Depletion of natural resources -3 —-2 —1 0 1+ 2+ 3+
4.20 Energy —3 —2 —1 0 1+ 2+ 3+
 4.21
4.22
4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35
4.36
4.37
4.38
Do you think that the government's actions in dealing with environmental problems have
been adequate?
inadequate 1 2 3 4 5 6 7 adequate
Effective long range solution of environmental problems depends upon:
m E] developing better technology
Please rank the following in terms of urgency for governmental action. (Put a number 1 in
the box for the most urgent, ranking down to 6 for the least urgent.)
changing our lifestyle
a) D social welfare (health, social security, education)
b) [:1 law and order
C) E] economy (inflation/unemployment)
d) ‘1 energy problems
e) D environmental problems
f) D foreign affairs
How much would you trust each of the following groups to solve environmental
problems?
no trust great trust
trade unions 1 2 3 4 5 6 7
environmental groups 1 2 3 4 5 6 7
government 1 2 3 4 5 6 7
political parties 1 2 3 4 5 6 7
industry 1 2 3 4 5 6 7
scientists and technologists 1 2 3 4 5 6 7
the general public 1 2 3 4 5 6 7
Which kind of change is most needed to solve our environmental problems?
Elm
BEE
greater scientific and
technical development
basic change in the nature
of society
I cherish nature and
preserve it as one of the
most precious things in life.
Nature is OK but other
things are more important.
How much opportunity do you feel you have to influence environmental policy in your
community?
2 3 4 5 6 7
none at all 1 very good opportunity
Our policy on national parks should:
[E keep much land in a natural
state accessible only by
hiking
guarantee access to
all citizens
Generally speaking, how strongly do you favor or oppose the environmental movement?
strongly oppose —3 —2 —1 0 1+ 2+ 3+ strongly favor
If the government planned to clean up pollution in your community, how strongly would
you favor or oppose raising taxes for these projects knowing that your own taxes would
go up?
strongly oppose —3 —-2 —1 0 1+ 2+ 3+ strongly favor
I perceive the condition of the environment as:
2 3 4 5 6 7 alarge problem
no problem 1
How concerned are you about the environment?
2 3 4 5 6 7 extremely concerned
not at all concerned 1
4.39
4.40
4.41
Some people have suggested that protecting the environment could result in some peo-
ple losing their jobs. Assuming that we have to settle for somewhat higher unemploy-
ment in order to protect the environment, is it more important to protect jobs or to pro-
tect the environment?
more important to [El [3
protect jobs
more important to protect
environment
How much change do you think will be necessary in our social, economic and political
system in order to solve our environmental problems?
a) No basic change is needed to solve these problems.
b) A considerable amount of change is needed to solve these problems.
0) A completely new system is needed.
d) Change is needed but it’s unattainable.
e) There is no environmental problem.
What is your attitude towards taking direct action (eg. marches, demonstrations) in
order to influence government decisions on issues such as airport sites, nuclear power
stations, roads?
strongly oppose 1
2 3 4 5 6 7 strongly support
The following are some opposite opinions about the direction in which this country should be
moving today. Please circle a numbered box on the scale indicating how strongly you prefer
one direction or the other for our country.
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
[a E] Acountry that makes sure
that private property is used
in such a way that it benefits
and does not injure the
community.
A country that em—
phasizes allowing
owners of land to use
their property as they
wish.
 
[E Acountry that encourages
people to adapt to their
natural environment.
A country that en—
courages people to
remake their environ»
ment to suit their
needs.
83
 
E A country that uses its
resources to benefit the pres»
ent generation.
A country that saves its
resources to benefit
future generations.
[1' El A country which believes pro-
tecting the environment is
more important than
economic growth.
A country which
believes economic
growth is more impor‘
tant than protecting the
environment.
[E A country which is willing to
let a few people make the big
decisions in order to get
things done quickly.
A country which is will-
ing to put up with some
delay in order to let
more people have a say
in the big decisions.
BE
ENE
A country that emphasizes
cooperation.
A country that em-
phasizes competition.
A country that emphasizes
using nature to produce the
goods we use.
A country that em—
phasizes preserving
nature for its own sake.
E A country that gets the
energy it needs by digging
more coal mines and drilling
more oil wells, building more
power plants, and producing
more energy.
A country that gets the
energy it needs by bet—
ter insulating its homes,
driving cars that use
less gasoline, and con—
serving more energy.
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 Information may pass between two holons
without alteration only if they both use the
same filters, that is, only if they work at the
same scale. . . . The scale of a holon has
concrete consequences for everything else
with which it interacts. It determines not
just what is known about the entity, but
also what is knowable. What is knowable is
further modified by the scale of the
observing holon.
— T.F.H. Allen and Thomas B. Starr,
Hierarchy: Perspectives for
Ecological Complexity (1982)
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 Monitoring of a Shared Boundary:
Some Basic Adaptive Considerations
E. Frederick Roots
Thank you, Commissioner Bulen.
I'm sorry that you have had difficulty contacting me,
but I've been living lately in one of those aluminum tubes
that go across oceans and have not been very sure where I
was myself. So my remarks today will accordingly be
informal.
I was asked to say something about "adaptive
considerations toward attaining an understanding of the
shared U.S./Canada boundary system". That seemed to be
a bit of a mouthful, in that it seems to address the question
of keeping track of how we exchange everything from
ideas to garbage across our boundary. I searched for a title
that I could understand a bit better to cover whatever
remarks I might make, and all I could come up was an
even worse cliché, such as: "How can we adapt what we do
to achieve the future we want, when the only way to get
there is to start from here?" But the two previous papers
have helped us get away from clichés, and to address
directly some very vital questions.
Generalities and Definitions
Dr. Cronon made (and Professor Milbrath also pointed
out) some very important points about the relationship of
our activities to environmental processes and the effect
that those changed processes, in turn, have on society.
Out of these points come a couple of generalities that we
all recognize, but which we sometimes tend to put aside.
One is the inescapable interdependence, intercon-
nectedness, and dynamic interaction of social and natural
environmental processes on a range of time and space
scales. Another is that if we are to have a useful
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beat 'em, join 'em"; we are already joined with Nature, so
we can't win by ﬁghting her'.
Knowledge of how we may be inﬂuencing the
ecosystem, and of changes in the ecosystem and in
biophysical conditions that will in turn affect human
activities, constitutes the basis of environmental
monitoring.
- A key objective of discussions of boundary monitoring
is to explore strategies for keeping track of the state of
health of the environment in the boundary region between
the United States and Canada, and for improving
understanding of social and ecological systems affected by
the boundary or transboundary activities. The reason for
wanting to do so, as made clear by the Boundary Waters
Treaty and by the activities of IJC over the decades, is to
obtain knowledge that will help avoid inter—country
conflict and to optimize mutual beneﬁts from
developments whose effects cross the boundary. The
purpose is clear. It is also clear that the ever-growing
complexity and inter-relatedness of boundary and
transboundary issues makes the traditional one-problem—
at—a-time, one-pollutant-at-a-time approach to
international problem-solving not only impractical, but
sometimes counter-productive or just plain wrong. We
must ﬁnd a more fundamental and systematic, adaptive
solution to the issues raised by our adaptive activities.
Such a solution will have to be based on increased and
timely knowledge, obtained through systematic
accumulation of information and interpretations, of
environmental conditions and processes and of human
individual and group behavior; i.e., both environmental
and social monitoring. The knowledge should lead to
improved understanding of social and ecological systems;
and this understanding, coupled with awareness of
eco
nom
ic
and
pol
iti
cal
rea
lit
ies
, a
nd
a r
eco
gni
tio
n
of
options for action and their consequences, may lead to wise
decisions and the commitment or will to carry them out.
In considering why we should be monitoring the
environment, what we should monitor, and how, it is well
to bear in mind the relationship and sequence that leads
from information, to knowledge, to understanding, to
wisdom. There are no short—cuts along that route; and
one stage does not automatically lead to the next.
The Boundary
The IJC, and the workshop, are concerned with the
U.S./Canada boundary. What is this boundary? At the
time of the signing of the Boundary Waters Treaty, the
matter was comparatively simple: The boundary was a
line of demarcation between the territories of two
sovereign states, whose geographical position was
described in a legal document agreed to by both parties
and fixed by permanent markers or surveys on the ground.
Anything, living ornon-living, desirable or undesirable,
that crossed the boundary crossed from one territory to the
other; though few states, certainly not the U.S. or Canada,
have been explicit or consistent about how deep beneath
the ground surface or how high above the ground the
boundary extended. This simple deﬁnition of a line or
demarcation has served for practical purposes throughout
most of history. The idea that "good fences make good
neighbors", and that well-managed boundaries strengthen
all nations, like good mortar holding the bricks together in
a wall, has a lot to do with both the establishment of the
International Joint Commission and the general, political,
and public acceptance that its activities were in the
common interest of both countries.
But a boundary between two countries is more than a
line on the ground or on maps. In different cirumstances,
the boundary may be a barrier, an interface, or a filter; it
may act as glue to join, a wall to separate, or as a blind to
hide or confuse. In some circumstances, to all intents and
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 We should bear in mind also the distinctive natural
conditions that occur in different places along the
U.S./Canada boundary region. They have a direct bearing
on the way that the boundary acts as a barrier, a ﬁlter, or
a differential transmitter, and thus on the kinds of
environmental or socio-environmental issues that may
arise. The U.S./Canada boundary traverses three distinct
[T]he boundaries to an ecosystem are matters of
definition and convenience.... It depends upon one's
point of view; the boundary is the limit beyond which
components and processes are not part of your
system, but of another different system that rubs
against, impacts upon, or affects yours. In
considering where to place the limits of an
ecosystem, it is convenient to think of an apparently
simple case, such as a small island in an ocean. The
ecosystem on the island clearly has a boundary at the
shoreline, beyond which the marine ecosystem has
its own characteristics. But from the points of view
of the organisms on the tidal flats, the shoreline is not
a boundary at all; it is the locale of a functioning
ecosystem with boundaries somewhere upon land
and somewhere out in the ocean.
kinds of geological-oceanographic and environmental
settings, with their attendant ecological characteristics:
(1) There are segments that together make more than
half its total length: in the Gulf of Maine, across the
Appalachians, the prairies and Cordillera, and along the
14lst meridian and into the Beaufort Sea, the boundary
runs transverse to the grain of the country or the ocean
currents [Ed. Note: In boxes on p. 94 and on p. 95, see the
predominant direction of mainland rivers and of the Gulf
of Maine’s currents]; there is an "upstream" and a
"downstream" side to nearly every issue and the border is
a crossing point for resources, transport, or pollutants;
(2) There are other extensive areas —
the St. John
River, the St. Lawrence and the Great Lakes-Rainy River
system, Strait of Juan de Fuca, Portland Canal — where
the boundary runs parallel to the natural flow. In these
sections there is natural mixing and exchange back and
forth and along the border, and issues are not upstream or
downstream but "your side" and "my side" are side by side;
and
(3) There is the extensive region from Portland Canal
to Mt. St. Elias where the boundary jumps from peak to
valley to peak, roughly parallel to the coast but neither
following the grain of the country nor cutting across it. In
this area, Canada is always upstream; the US. has all the
ports, and easy means of access.
These different natural settings have an inﬂuence on
the kind of monitoring that should be carried out to
determine the "environmental health" of the boundary
region.
In addition to the effect of the physical setting, there is
also a (distinctive social aspect of the Canada/US.
boundary region that strongly affects not only the relative
importance, in each country, of issues that affect the
region, but also the importance of environmental
monitoring and the information that should be gathered.
This is the fact that for the U.S., the boundary region is in
large part a frontier region containing some major centers,
such as Detroit or Seattle, but on the whole somewhat
distant from the seats of national power, and somewhat
peripheral in the sum total of day-to-day national
concerns. In Canada, on the other hand, nearly half the
population lives within what may be loosely called the
boundary region. Many centers of power in commerce,
from Fredericton to Victoria to Whitehorse, lie close to the
border. Thus boundary issues are bound to rank
differently in the national priorities of the two countries.
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Figure 3. The dominant circulation of surface waters of the Gulf of Maine in July and
August.
The transmission-differential function of the border
also acts very strongly in this regard, in part as a result of
the difference in human population and economic
momentum between the two countries. Nearly every
aspect of Canadian life at the general public level, as well
as at the level of institutions and governments, is affected
almost daily by happenings and products of the United
States; while the United States, as a whole, is affected to a
much smaller degree by happenings in Canada. The
USA. is impacted by Canada mostly in speciﬁc sectors,
such as wheat sales, winter weather, or fishing disputes.
As a result, transboundary issues often are to many
Canadians simply a few sharply focused items in the
enormous spectrum and pervasive background of
Canada/US. interrelationships, while to many Americans
they constitute a larger proportion of the comparatively
Smaller total amount of attention they give to Canada.
Impacts and Superimposed Changes in the
Boundary Region
In the past, the matters that have been brought before
the International Joint Commission as problems or
potential issues between the two countries have been, in
the main, disturbances in the historic, accustomed, or
"normal" flow of physical and chemical material across or
along the border. These disturbances originate in one
country and have been, or possibly had the potential to be,
of sufﬁcient magnitude or severity to disrupt the
operations or affect the value of property, goods, or
services in the other country.
A common characteristic of items dealt with under the
Boundary Waters Treaty or the IJC is that the
disturbances have an identiﬁed origin (as in the; Trail
Smelter) and that they arise relatively quickly. In this
mode of international relations, it has been the magnitude
and the suddenness of the disturbance superimposed on
already existing flows and exchanges that have called for
action and response. There has been, at least at the
political level, little concern with what were the "normal"
environmental flows or baselines of physical or chemical
exchange, except as reflected in flows of trade goods,
capital, or people.
To study the effects of these disturbances, however,
baseline data and understanding of the normal processes
of exchange are necessary. [Ed. Note: The term “baseline
data” means different things to different people. For
clariﬁcation: see box on p. 97; Appendix C, pp. 671—677 (on
the UN’s GRID); and Appendix C, pp. 677—689 (on the
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characteristics. But from the points of view of the
organisms on the tidal flats, the shoreline is not a
boundary at all; it is the locale of a functioning ecosystem
with boundaries somewhere upon land and somewhere out
in the ocean.
Similarly, the IJC, looking at activities and processes
within and crossing the boundary region on an ecosystem
basis, will likely ﬁnd itself relating to, rather than
representing, the ecological and socio-environmental
conditions in the core of the respective countries. The
characteristics of this relationship are apt to be quite
different in cases where the boundary runs along
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of
th
e
re
al
re
la
ti
on
sh
ip
s
an
d
pr
ob
le
ms
be
tw
ee
n
th
e
tw
o
co
un
tr
ie
s,
or
do
es
it
te
nd
to
fo
cu
s
at
te
nt
io
n
on
a
fe
w
sy
mp
to
ms
wh
ic
h
ma
y
ge
t
tr
ea
te
d,
le
av
in
g
th
e
de
ep
er
di
se
as
es
an
d
pr
ob
le
ms
un
to
uc
he
d
an
d
po
ss
ib
ly
del
ibe
rat
ely
ign
ore
d?
Th
es
e a
nd
sev
era
l o
the
r q
ues
tio
ns
th
at
co
ul
d
be
as
ke
d
su
gg
es
t
th
at
tr
an
sb
ou
nd
ar
y
en
vi
ro
nm
en
ta
l
mo
ni
to
ri
ng
s00
n
be
co
me
s
mu
ch
mo
re
co
mp
li
ca
te
d,
as
an
iss
ue
be
tw
ee
n
tw
o
cou
ntr
ies
,
th
an
sim
ply
ﬁnd
ing
out
wha
t i
s go
ing
on
at o
r ac
ros
s t
he b
ord
er.
Th
er
e a
re
ma
ny
po
in
ts
of
vi
ew
, a
ll
leg
iti
mat
e,
bu
t m
os
t
co
nc
ep
ts
of
mo
ni
to
ri
ng
ha
ve
th
re
e b
as
ic
in
gr
ed
ie
nt
s:
(1)
Th
er
e m
us
t b
e i
nf
or
ma
ti
on
gat
her
ed
fr
om
per
iod
ic
observation or measurement;
(2)
The
inf
orm
ati
on
mus
t
be
int
erp
ret
ed
for
its
en
vi
ro
nm
en
ta
l,
soc
ial
, o
r o
th
er
sig
nif
ica
nce
;
(3)
Th
e
int
erp
ret
ed
inf
orm
ati
on
mu
st
be
tr
an
sl
at
ed
int
o a
for
m t
hat
is u
sab
le
by
the
pub
lic
or
dec
isi
on—
mak
ers
,
and made available to those who can use it.
Wit
hou
t a
ll
thr
ee
ing
red
ien
ts,
act
ivi
tie
s t
o ﬁ
nd
out
wha
t
is
goi
ng
on
are
not
mon
ito
rin
g;
the
y
are
dat
a-
gathering, speculation, or purely scientiﬁc studies.
Su
cc
es
sf
ul
mo
ni
to
ri
ng
als
o
im
pl
ie
s
so
me
ot
he
r
characteristics:
(1)
It m
ust
be
bas
ed
on
obs
erv
ati
ons
or
mea
sur
eme
nts
tha
t r
ela
te
to
so
me
tes
tab
le
sta
nda
rd,
val
id
par
ame
ter
, o
r
repeatable experiments;
(2) Measurements must be frequent enough that the
tim
e i
nte
rva
l b
et
we
en
th
em
is
les
s t
ha
n t
he
exp
ect
ed
rat
e
of
cha
nge
, s
o t
hat
the
cha
nge
can
be
ide
nti
ﬁed
, a
nd
the
y
mu
st
be
con
tin
ued
for
a t
ime
per
iod
suf
fic
ien
tly
lon
ger
tha
n t
he
dur
ati
on
of t
he
int
ern
al
var
iat
ion
s i
n t
he
sys
tem
 to be measured, so that the net result of the imposed or
induced change will be observed;
(3) The measurements and interpretations must be
compared with similar information, either from another
place or from a different time.
[T]he ever-growing complexity and inter-relatedness
of boundary and transboundary issues makes the
traditional one-problem-at-a-time, one-pollutant-at-
a-time approach to international problem-solving not
only impractical, but sometimes counter-productive
or just plain wrong. We must find a more
fundamental and systematic, adaptive solution to the
issues raised by our adaptive activities.
If these general comments, based on experience, are
valid, then it appears that of the simple, common-sense
questions "Monitoring of what?, What for?, and How?,"
the most difﬁcult question, and the one that must be
answered ﬁrst if a successful monitoring program is to be
established, is, "What for?" Knowing what questions to
ask of the results of a monitoring program, before the data
are gathered, is crucial to a successful program of
environmental monitoring that will lead to decisions and
actions of control or remedy. Unfortunately, there is a
tendency to gather data ﬁrst and ask questions or think
about how to use it afterward. So we spend a lot of effort in
gathering descriptive data or making repeated
measurements of particular characteristics, say the
BOD. of a transboundary river, which tells us
something about changes taking place, but which may be
little help at all in understanding the signiﬁcance of the
change, or in finding the political or economic basis for
action to control the change.
Some of the most difficult questions to answer in trying
to decide what information is essential to provide the
knowledge that can be interpreted in terms that are
signiﬁcant to decisionmakers have to do with our
incomplete
understanding
of environmental
processes,
and the scale or complexity of information that is
signiﬁcant.
Processes
In nearly all parts of the U.S./Canada border, there is
pretty good descriptive knowledge of the characteristics of
the natural systems. [Ed Note: See box on p. 292 for an
illustration of “the hydrologic system”.] But how the
environment got that way, the rate and character of
change, the stability or sensitivity of physical-chemical
and biological conditions, and the factors that control
responses or interactions —— in short, all the things
commonly lumped under environmental processes and
ecosystem behavior -— these things are, with exceptions,
very poorly known. Yet it is changes in processes and
ecological behavior, not absolute amounts of chemicals
transported or organisms killed, that determine the
signiﬁcance of any environmental change imposed on, or
shunted across, the border region. It is the effect on
process and behavior that we wish to monitor, yet these
are areas where our knowledge, in the real world, is weak.
One thing that has been learned several times at great
expense — yet the lesson often does not seem to sink home
— is that careful monitoring of situations and changes
where the fundamental causes or processes are poorly
understood very rarely leads to increased understanding
of the processes themselves. Patient recording, year after
year, of the date of arrival of the swallows at Capistrano
gives pretty good statistical information about the timing
of one part of the swallows' migration; but it provides no
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inf
orm
ati
on
on
the
rea
son
wh
y t
he b
ird
s s
hou
ld
arr
ive
on
a
par
tic
ula
r d
ate
. M
oni
tor
ing
the
tim
e a
nd
pat
ter
n o
fbr
eak
-
up of ice on the lower Great Lakes and St. Lawrence
Sea
way
pro
vid
es
inf
orm
ati
on
tha
t s
hou
ld
be
ofv
alu
e t
o t
he
ope
rat
ion
of
the
sea
way
and
to
the
shi
ppi
ng
ins
ura
nce
com
pan
ies
; b
ut
by
itse
lf,
the
bre
ak-
up
dat
a h
ave
not
so f
ar
bee
n o
f m
uc
h u
se
in
for
eca
sti
ng
or
ma
na
ge
me
nt
bec
aus
e
the
bas
ic
pro
ces
ses
lin
kin
g s
now
fal
l,
tem
per
atu
re
his
tor
y,
and lake level to ice break—up during a period of climatic
change are not well enough understood.
The monitoring system can only be as good as the
und
ers
tan
din
g o
f th
e p
roc
ess
es
bei
ng
mon
ito
red
. S
epa
rat
e
res
ear
ch,
inv
olv
ing
ad
eq
uat
e
dat
a
but
not
co
nﬁ
ne
d
to
repetitive measurements, is needed to increase our
understanding of environmental or biophysical processes.
Su
ch
res
ear
ch
sho
uld
pre
ced
e t
he
mon
ito
rin
g i
f th
e d
esi
gn
of
the
mon
ito
rin
g s
yst
em,
and
the
dec
isi
ons
bas
ed
on
monitoring, are to beneﬁt from it. But it must also
con
tin
ue
as
mon
ito
rin
g
pro
vid
es
rea
l-t
ime
,
rea
l-l
ife
information.
Modeling
The large amounts of data needed to describe
environmental characteristics and living systems, and the
never-ending complexity of interrelationships between
com
pon
ent
par
ts,
me
an
tha
t
som
e
sor
t
of
ord
ere
d
simpliﬁcation of the perceived system is necessary if any
sense is to be made of the whole or the parts. At present,
mathematical models, which are simulated simpliﬁcations
of perceived or assumed characteristics and relationships,
are
the
bes
t m
ea
ns
we
hav
e o
f de
scr
ibi
ng
and
com
par
ing
complex changes in environmental conditions. All serious
attempts to understand changes in the natural world and
to forecast the effects of imposed impacts must make
jud
ici
ous
use
of
mat
hem
ati
cal
mod
els
of
env
iro
nme
nta
l
relationships or living systems. There is no better known
wa
y t
o o
rga
niz
e t
he
inf
orm
ati
on
or
tes
t i
ts v
ali
dit
y.
But
all
mod
els
of
the
nat
ura
l
wor
ld
fall
woe
ful
ly
sho
rt
of
describing the real thing; and, in this tricky area where
environmental data obtained through a monitoring
system lead to interpretations that are to be used as the
basis for economic and policy decisions, a special warning
is needed to take care that the use of models does not lead
to distorted or erroneous conclusions.
 
All serious attempts to understand changes in the
natural world and to forecast the effects of imposed
impacts must make judicious use of mathematical
models of environmental relationships or living
systems. There is no better known way to organize
the information or test its validity.
A danger inherent in the development and use of
environmental models is that most computer-based
models, in order to simulate nature and be tested, must
have programs that, when run, leadto an end result that
is the extension of the modeler's incomplete
understanding of the natural processes. The apparent
precision of computer simulation can lead to a belief in a
logical end result. In the study of transboundary issues,
models of environmental processes and changes should be
seen as important aids, to be used with caution, but not as
solution-ﬁnding machines. It is well to remember that
any model is a simpliﬁcation, and thus a distortion, of the
real world. What is left out in the process of simpliﬁcation
must necessarily be those aspects we don't understand
well enough, or don't have enough data on, to include. So
the distortion is apt to be in the area where we know least
about the signiﬁcance ofour distortion.
There are other problems:
0 Modeling depends upon exploring straightforward
quantitative relationships between interacting
 components,
in
simulated
isolation.
Basic
physics
and
biology,
and
even
more
the
behavioral
sciences,
show that such
relationships are, at best, artiﬁcial
approximations.
0
Natural
systems
are
three—dimensional
and
four-
dimensional,
with
continually
varying
rates
and
time
scales.
For
reasons
of economy
and
simplicity
almost
all
modeling
used
in
environmental
prediction is one-dimensional or two-dimensional.
0
Biological
systems,
in
particular,
are
characterized
by
response
to
what,
in
our
present
state
of
understanding, can only
betermed random events
or "surprises".
To
try to model such events becomes
an
exercise
in imagination,
destroying
the
desired
"objectivity" of the model; it also uses up computer
time at an astonishing rate. So these important and
often critical "random" and "surprise" factors are
usually not modeled.
The above comments are not disparaging of the rapidly
developing and essential art of environmental and
biosystems modeling. But it is well to remember that such
modeling, like the selection of what to monitor, is still an
art. When a model is based on assumed relationships that
are not valid, it becomes a ﬁrst-class tool for compounding
or magnifying our ignorance. We must be careful not to
expect our models to do our thinking for us. A
mathematical model cannot tell us anything new about
environmental processes that we do not understand well
enough to incorporate in the model.
The Problem of Scale and Complexity
Another important problem complicating the design
and establishment of an effective monitoring system is
that of the appropriate mix of scales, in space and time, of
the information to be gathered, and the degree of detail or
integration that is useful. Is it most useful to keep track
 
of
pieces
of
the
ecosystem
or
isolated
environmental
properties,
or is it better to
average
out
the
detail,
and
to
identify
and
follow
trends?
When
should
we
monitor
to
establish averages or means, and when to pick up
extreme
events?
Once
again,
the
question of what
monitoring
is
done for comes ﬁrst, and it is often the hardest to answer.
If
the
purpose
of
the
monitoring
is
to
set
speciﬁc
standards
of, say,
water
quality
or
to
develop
a
means
of
regulatory control, then the
information needed will be a
series
of measurements
of pollutant
loadings,
and
the
monitoring
can
be
of
selected
individual
chemical,
physical,
or
organic
characteristics
obtained
at
speciﬁed
data points. Such a monitoring system would accomplish
its
intended
purpose
but
would,
in
itself, tell little about
the health of the ecosystem.
If,
at
the
other
end
of
the
scale
of
generality,
the
objective
is
to
keep
track
of
the
regional
or
local
environmental
state
of
health,
or
make
a
general
prognosis of the influence of a changed environment on the
socio-economic system in a given
area, then much
more
integrative characteristics can be monitored.
These can be
processes
which
are integrative
in
themselves,
such
as
forest productivity or yields of grain;
or they can
be
"proxy" or indicator measurements, such as the growth of
lichens as indicators of changes in air chemistry or the
incidence of tumors and cancers in bottom-dwelling ﬁsh in
inshore waters as an
indication of pollution by heavy
metals and carcinogens.
Such integrative monitoring can
be very useful, and it is often a more accurate measure of
overall trends and the general "state of health" than a
series of more speciﬁc measurements.
But
integrative
measurements
in
themselves
give
little indication of the causes of change or the respective
importance of the factors that inﬂuence the system.
The
number of caribou crossing the Porcupine River each year
is an excellent measure of the prosperity of a valuable and
 
103
 
 104
 
i
m
p
o
r
t
a
n
t
m
i
g
r
a
t
o
r
y
r
e
s
o
u
r
c
e
s
h
a
r
e
d
b
y
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
n
d
C
a
n
a
d
a
.
B
u
t
t
h
e
c
o
u
n
t
of
c
a
r
i
b
o
u
at
t
h
e
ri
ve
r
g
i
ve
s
n
o
in
di
ca
ti
on
w
h
e
t
h
e
r
ye
ar
-t
o-
ye
ar
c
h
a
n
g
e
s
w
e
r
e
d
u
e
to
u
n
u
s
u
a
l
g
r
o
w
i
n
g
c
o
n
d
i
t
i
o
n
s
o
n
t
h
e
B
e
a
u
f
o
r
t
co
as
ta
l
p
l
a
i
n
in
sp
ri
ng
;
a
b
n
o
r
m
a
l
w
e
a
t
h
e
r
d
u
r
i
n
g
t
h
e
c
a
l
v
i
n
g
pe
ri
od
;
t
h
e
ef
fi
ca
cy
of
t
h
e
w
o
l
f
co
nt
ro
l
p
r
o
g
r
a
m
s
in
A
l
a
s
k
a
a
n
d
Y
u
k
o
n
;
th
e
re
sp
ec
ti
ve
e
c
o
n
o
m
i
c
a
n
d
e
m
p
l
o
y
m
e
n
t
c
o
n
d
i
t
i
o
n
s
o
n
e
i
t
h
e
r
si
de
of
t
h
e
b
o
r
d
e
r
w
h
i
c
h
m
e
a
n
t
t
h
a
t
f
e
we
r
,
or
m
o
r
e
,
n
a
t
i
v
e
s
w
e
n
t
w
o
l
f
h
u
n
t
i
n
g
;
or
t
h
e
d
i
s
t
u
r
b
a
n
c
e
s
to
t
h
e
c
a
r
i
b
o
u
a
n
d
th
ei
r
m
i
g
r
a
t
i
o
n
c
a
u
s
e
d
b
y
t
h
e
o
p
e
r
a
t
i
o
n
s
of
t
h
e
oi
l
c
o
m
p
a
n
i
e
s
in
t
h
e
a
r
e
a
d
u
e
to
po
li
ci
es
in
O
t
t
a
w
a
,
W
a
s
h
i
n
g
t
o
n
,
C
a
l
g
a
r
y
,
a
n
d
T
u
l
s
a
.
If
t
h
e
f
o
c
us
is
o
n
t
h
e
st
at
e
of
t
h
e
r
e
g
i
o
n
a
l
e
c
o
s
y
s
t
e
m
,
t
h
e
n
c
o
u
n
t
i
n
g
c
a
r
i
b
o
u
as
t
h
e
y
cr
os
s
th
e
ri
ve
r
at
o
n
e
se
le
ct
ed
p
l
a
c
e
m
a
y
b
e
a
n
a
d
m
i
r
a
b
l
e
a
n
d
a
d
e
q
u
a
t
e
m
o
n
i
t
o
r
,
a
s
l
o
n
g
as
co
nd
it
io
ns
r
e
m
a
i
n
re
la
ti
ve
ly
st
ab
le
.
B
u
t
if
th
e
c
o
u
n
t
w
e
r
e
to
c
h
a
n
g
e
m
a
r
k
e
d
l
y
,
u
p
or
d
o
w
n
,
t
h
e
n
m
o
r
e
de
ta
il
ed
in
fo
rm
at
io
n
is
ob
vi
ou
sl
y
ne
ed
ed
.
Constancy
M
o
n
i
t
o
r
i
n
g
sy
st
em
s
h
a
v
e
th
e
fu
rt
he
r
p
r
o
b
l
e
m
of
h
o
w
to
r
e
m
a
i
n
sc
ie
nt
if
ic
al
ly
si
gn
if
ic
an
t
a
n
d
re
li
ab
le
w
h
i
l
e
co
nd
it
io
ns
ch
an
ge
.
T
h
e
m
e
a
s
u
r
e
m
e
n
t
s
a
n
d
in
te
rp
re
ta
ti
on
s
sh
ou
ld
be
st
an
da
rd
iz
ed
a
n
d
co
mp
at
ib
le
fr
om
pl
ac
e
to
pl
ac
e
a
n
d
ov
er
ti
me
,
if
re
su
lt
s
ar
e
to
be
c
o
m
p
a
r
e
d
in
a
ri
go
ro
us
a
n
d
co
nv
in
ci
ng
fa
sh
io
n.
B
u
t
al
l
e
n
vi
r
o
n
m
e
n
t
a
l
sy
st
em
s
ar
e
d
y
n
a
m
i
c
(a
nd
li
vi
ng
)
sy
st
em
s,
pa
rt
ic
ul
ar
ly
th
e
h
u
m
a
n
so
ci
o—
ec
on
om
ic
c
o
m
p
o
n
e
n
t
.
T
o
be
us
ef
ul
,
a
n
d
re
le
va
nt
to
th
e
de
ci
si
on
ma
ke
rs
,
bo
th
da
ta
s
ys
t
e
m
s
a
n
d
e
n
vi
r
o
n
m
e
n
t
a
l
m
o
d
e
l
s
m
u
s
t
ev
ol
ve
a
n
d
ta
ke
in
to
ac
co
un
t
n
e
w
fa
ct
or
s
or
co
nc
er
ns
.
T
o
fa
il
to
do
so
w
o
u
l
d
re
du
ce
th
e
m
o
n
i
t
o
r
i
n
g
to
a
n
ar
ti
ﬁc
ia
l
ex
er
ci
se
n
o
lo
ng
er
i
m
p
o
r
t
a
n
t
to
th
e
is
su
e
at
ha
nd
.
A
t
th
e
s
a
m
e
ti
me
,
th
e
mo
ni
to
ri
ng
mu
st
,
ab
ov
e
al
l
el
se
,
gi
ve
co
ns
is
te
nt
ti
me
-
se
ri
es
in
fo
rm
at
io
n
s
p
a
n
n
i
n
g
th
e
w
h
o
l
e
pe
ri
od
d
ur
i
n
g
wh
i
c
h
mo
de
li
ng
w
a
s
ca
rr
ie
d
ou
t.
H
o
w
to
re
co
nc
il
e
th
es
e
t
w
o
co
nf
li
ct
in
g
r
e
q
ui
r
e
m
e
n
t
s
is
a
m
e
a
s
u
r
e
of
th
e
ar
t
of
monitoring.
Mo
ni
to
ri
ng
of
th
e
en
vi
ro
nm
en
t
is
an
ar
t,
no
t
a
sc
ie
nc
e.
It
is
an
ar
t
th
at
us
es
sc
ie
nc
e
an
d
ad
va
nc
ed
te
ch
no
lo
gy
to
th
e
fu
ll
es
t.
Pa
rt
of
th
e
ar
t,
a
n
d
th
e
sk
il
l
ne
ed
ed
to
pr
ac
ti
ce
it
,
is
th
e
ev
er
-c
ha
ng
in
g
a
c
c
o
m
m
o
d
a
t
i
o
n
to
th
e
pa
ra
do
x
be
tw
ee
n
st
ay
in
g
re
le
va
nt
a
n
d
pe
rt
in
en
t
to
a
n
ev
ol
vi
ng
,
dy
na
mi
ca
ll
y
ch
an
gi
ng
sy
st
em
,
a
n
d
at
th
e
s
a
m
e
ti
me
ob
ta
in
in
g
in
fo
rm
at
io
n
th
at
is
in
te
rn
al
ly
co
ns
is
te
nt
a
n
d
te
st
ab
le
b
y
ot
he
rs
.
A
n
d
li
ke
al
l
ar
ts
,
it
s
sk
il
ls
a
n
d
nu
an
ce
s
ar
e
ve
ry
di
ff
ic
ul
t
to
tr
an
sf
er
fr
om
on
e
se
tt
in
g
to
an
ot
he
r,
or
fr
om
on
e
pr
ac
ti
ti
on
er
to
an
ot
he
r.
K
n
o
w
l
e
d
g
e
of
th
e
B
o
u
n
d
a
r
y
—
In
a
L
a
r
g
e
r
C
o
n
t
e
x
t
Mo
ni
to
ri
ng
of
th
e
en
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the
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nta
l a
cti
vit
ies
.
The
UN
EP
Glo
bal
Env
iro
nme
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ra
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y p
ut
it t
his
wa
y,
a "
bo
und
ar
y-
les
s"
mon
ito
rin
g n
etw
ork
,
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pro
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re
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nd
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—
#
 the effects that adaptive practices in one country have on
the environment of another. These activities deal with
many of the problems and variations that Canada and the
US. have encountered, but on a compressed space scale
and without the beneﬁt of an already established
mechanism for across—the-boundary cooperation that
relates politics, economy, and technical information to the
ecosystem. The experiences and design of the Canada/US.
monitoring system are very relevant to both global
monitoring and the environmental problems of other
regional groups.
We need to know what is happening at the border if
we are to deal with the problem of activities in one
country affecting the other country.
The boundary monitoring activity can also make an
immense contribution to world science. An 8,000—
kilometer—long section across what is an industrially
developed but still largely natural continent gives
scientists a tremendous opportunity. The boundary shows
a fantastically wide range of natural and man-made
situations and stages of development. Systematic
observation and study of what is happening along our
border gives us a unique opportunity to watch how we are
affecting ourselves and one another, and to examine in a
rigorous and planned scientiﬁc way the environmental
basis for, and consequences of, our economic and industrial
actions. It provides basic data and focused opportunities
for linked research in the natural, environmental, and
social sciences and in economics, over a period of time as
long as our nations have existed and as long as they can be
exp
ect
ed
to
last
.
It
is
an
opp
ort
uni
ty
tha
t n
o o
the
r t
wo
countries have in such scale, variety, and richness. We
should not let that opportunity passjust because it is right
under our noses.
Would not an appropriate outcome of this workshop be
a resolution and firm determination to make the
Canada/US. boundary, from the Gulf of Maine to the
Beaufort Sea, a type research cross-section across
North America? [Ed. Note: See box on p. 106 for an
illustration of how the geological beginnings of such a
cross—section might be depicted in the Gulf of Maine] The
research appropriate to this cross—section could range from
the natural sciences to law, and be limited only by
scientists' imaginations. Over the years, we willjointly be
collecting, for one reason or another, an enormous amount
of environmental and socio-economic information along
this single but vast strip that fortunately cuts right across
many of the continent's most important and varied
regions. Let us ensure that all this information
contributes in a constructive way to fundamental science
and to new and better environmental and social
knowledge.
This would not be the ﬁrst time that the U.S./Canada
boundary has played a very important role in adding to
world knowledge. I think that we should all take heart
from the fact that the U.S./Canada Boundary Commission,
at the beginning of this century, provided a great stimulus
to world science. One example, still exciting to earth
scientists, is provided by the work of Professor Reginald A.
Daly, the geologist attached to the International
Boundary Commission ﬁeld survey party in the western
regions. In making observations along the 49th parallel
from the prairies to the Paciﬁc Coast, Dr. Daly made the
first systematic cross-section of the geology of the North
American Cordillera, and developed the framework on
which the geological structure and nomenclature for the
understanding of folded and thrusted mountain belts
versus great basins was developed, and he enunciated the
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basic principles to explain the likely location of mineral
deposits. Stimulated by exploring and contemplating this
tremendous cross—section, he came up with ideas on the
composition and structure of the earth itself — granitic
crust ﬂoating on a basaltic sub-basement. Many of you
here will remember the old ideas of sial and sima that
Daly developed to explain the layering of the earth's crust.
They set the stage for geological research for ﬁfty years,
and were forerunners of our modern ideas of plate
tectonics and crustal differentiation. They were the result
of careful and systematic study along the Canada/US.
boundary, through the opportunity to marry advanced
science to the political and legal need of two countries for
good technical information along their mutual border.
But it is not all work and serious study. The boundary
is also fun. I should remind you that a very signiﬁcant
international event took place on our joint border on the
18th of July 1912. On this date, David Craig and Thomas
A. Riggs, Canadian and American party co-chiefs on the
Canada/US. Boundary Commission, reached the Beaufort
Sea on the Arctic Ocean after 18 years of technically
difﬁcult and strenuous ﬁeld work. The survey had started
at Hecate Strait on the Paciﬁc Ocean, and surveyed, cut,
and marked the boundary from peak to peak and through
enormous muskeg, across huge rivers and endless tundra
with no established transport or outside communication.
On that July afternoon, the two leaders stood hand in
hand at the shoreline, and to the amazement of their hard-
bitten party crews, waded into the icy water together and
took a swim.
And that is really what we must do together to develop
an effective transboundary environmental monitoring
network. Thank you.
 
Environmental management depends on data and monitoring,
assessment, and modeling, but also it is a subject of long-term R&D
needs in its own right, involving two subject areas. The first of these
is habitat management, the purposeful manipulation of ecological
conditions. The second is the management of environmental
programs, including the uses ofresearch, monitoring, assessment,
modeling, and the design and evaluation of alternative regulations,
incentives, and other types of government interventions.
Our environment is sustained by a basic structure composed of biota,
land, water, air, and energy resources, which interact in a dynamic
manner. in the past scientists were seldom asked about the full
consequences of human intervention. There is a need for more
holistic, interdisciplinary approaches to the biophysical environment.
Federal environmental programs are conducted under a series of
several dozen laws, covering different media, enacted at different
times, and administered by different offices and programs. Long—
term research is needed to improve the scientific basis for integrating
these environmental programs into a single environmental policy....
Studies are needed to link research and monitoring of the dynamics
of stressed ecosystems, especially in important types such as wetlands,
estuaries, and agricultural ecosystems, with experimental evaluation
of alternative management strategies. Such studies require sub-
stantial periods of time for completion, as well as interdisciplinary
cooperation among a substantial range of natural and social science
and engineering disciplines. One particular need is for studies of
rehabilitation strategies for degraded ecosystems.
—— Executive Office of the President, Council on Environmental
Quality, Report on Long—Term Environmental Research and
Development (March 1985)
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Caldwell
From
Fact-Finding to Policy Formulation:
Associative Considerations in
Transboundary Matters
Lynton K. Caldwell
As an incident of history the greater part of the North
American
continent
has
been
artiﬁcially
partitioned
between two federal unions: Canada and the United
States of America. Although altered in many ways by
humans and their technoeconomic systems, the continent
remains a complex biogeophysical unit, its characteristics
modiﬁed, but not obliterated, by its history. Across and
around this continental system, affecting the interests of
its human inhabitants in diverse ways, move ﬂowing
waters, atmospheric and oceanic currents (that carry
pollutants), and ﬁsh and other wildlife (including
microorganisms). Interactive processes and effects have
crossed national boundaries from both directions Without
regard to political jurisdiction. As both nations have
expanded in population and technoeconomic capability,
and have responded to the exigencies of a worldwide
economy, demands upon their basic environmental
systems have increased. Transboundary problems have
multiplied in which numerous biogeophysical and
technoeconomic factors are complexly interrelated with
political consequences for both countries.
Pressures for Problem Resolution
Governments in both countries -- federal, provincial,
and state — have been pressured by their constituents to
address environmental problems transcending national
boundaries, problems which none of these governments
can unilaterally resolve. Recognition of the binational,
transboundary character of these environmental problems
led the two national governments in 1909 to conclude the
Boundary Waters Treaty and to create the International
Joint Commission (IJC) to assist in its implementation.
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en
ci
ng
po
li
ci
es
of
go
ve
rn
me
nt
s
in
bo
th
co
un
tr
ie
s:
(1)
pr
es
-
su
re
s
of
gr
ow
th
,
(2
)
li
mi
ts
of
th
e
en
vi
ro
nm
en
t,
(3
)
li
mi
ts
of
ju
ri
sd
ic
ti
on
,
(4
)
co
st
s
of
co
nf
li
ct
,
an
d
(5
)
fo
rc
e
of
kn
ow
le
dg
e
(s
ci
en
ce
an
d
te
ch
no
lo
gy
).
Of
th
es
e,
th
e
ﬁf
th
—
fo
rc
e
of
kn
ow
le
dg
e
—
re
qu
ir
es
sp
ec
ia
l
tr
ea
tm
en
t
as
it
m
a
y
be
th
e
mo
st
im
po
rt
an
t,
in
vo
lv
in
g
no
t
on
ly
ch
an
gi
ng
h
u
m
a
n
pe
rc
ep
ti
on
s
of
pr
es
en
t
ci
rc
um
st
an
ce
s
a
n
d
in
cr
ea
se
d
ab
il
it
y
to
al
te
r
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
th
ro
ug
h
te
ch
no
lo
gy
,
bu
t
es
pe
ci
al
ly
en
la
rg
in
g
h
u
m
a
n
aw
ar
en
es
s
an
d
fo
re
si
gh
t
re
ga
rd
in
g
em
er
ge
nt
pr
ob
le
ms
of
th
e
fu
tu
re
.
Pressures of Growth
En
vi
ro
nm
en
ta
l
re
la
ti
on
sh
ip
s
be
tw
ee
n
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
ha
ve
be
co
me
mo
re
nu
me
ro
us
an
d
co
mp
le
x
du
ri
ng
ec
on
om
ic
gr
ow
th
an
d,
no
ta
bl
y
in
Ca
na
da
,
fr
om
a
de
si
re
to
pr
om
ot
e
gr
ow
th
.
Ex
pa
ns
io
n
of
h
u
m
a
n
de
ma
nd
s
up
on
na
tu
ra
l
re
so
ur
ce
s
an
d
en
vi
ro
nm
en
t
is
a
ma
tt
er
of
co
mm
on
kn
ow
le
dg
e
an
d
mu
lt
ip
le
di
me
ns
io
ns
.
Pe
op
le
-
pr
es
su
re
on
re
so
ur
ce
s
an
d
en
vi
ro
nm
en
t
re
su
lt
s
fr
om
in
cr
ea
si
ng
pe
r-
ca
pi
ta
co
ns
um
pt
io
n
of
sp
ac
e
an
d
ma
te
ri
al
s,
an
d
is
fa
r
mo
re
pr
on
ou
nc
ed
in
th
e
Un
it
ed
St
at
es
th
an
in
Ca
na
da
.
De
cl
in
e
in
en
vi
ro
nm
en
ta
l
qu
al
it
y
re
su
lt
s
no
t
on
ly
fr
om
ma
ss
ma
te
ri
al
co
ns
um
pt
io
n
in
bo
th
co
un
tr
ie
s,
bu
t
al
so
fr
om
te
ch
no
ec
on
om
ic
ca
pa
bi
li
ti
es
to
ex
pl
oi
t
re
so
ur
ce
s
an
d
pr
op
er
ti
es
of
th
e
en
vi
ro
nm
en
t,
an
d
fr
om
in
su
fﬁ
ci
en
t
at
te
nt
io
n
to
di
sp
os
it
io
n
of
th
e
re
si
du
al
s
of
co
ns
um
pt
io
n.
Th
e
mo
bi
li
ty
of
pe
op
le
s
an
d
ma
te
ri
al
s
(a
nd
,
of
co
ur
se
,
of
en
er
gy
)
ha
ve
mu
lt
ip
le
im
pa
ct
s
as
,
fo
r
ex
am
pl
e,
in
bi
ot
a
ch
an
ge
s
in
th
e
Gr
ea
t
La
ke
s
fo
ll
ow
in
g
op
en
in
g
of
th
e
St
. L
aw
re
nc
e
Se
aw
ay
.
Ca
na
di
an
po
li
ci
es
re
ga
rd
in
g
mi
ni
ng
or
oi
l
po
ll
ut
io
n
in
th
e
Ar
ct
ic
af
fe
ct
a
va
ri
et
y
of
in
te
re
st
s
in
ge
og
ra
ph
ic
al
ly
di
st
an
t
pa
rt
s
of
th
e
Un
it
ed
St
at
es
.
Bi
na
ti
on
al
co
nﬂ
ic
ts
 affecting the uses of air and water in the immediate
boundary areas have been frequent: for example, in the
landmark Trail Smelter air pollution case; in conﬂicts
over water levels in the Richelieu River in Quebec and
behind the Skagit—High Ross Dam in British Columbia; in
the allocation of the waters of the Milk-St. Mary's Rivers
in Montana and Alberta; and in conﬂicts over hydropower
and pollution between New Brunswick, Quebec, and
Maine in the St. John River Basin. Construction projects
to promote economic growth resulted in binational
controversies over transboundary effects of Canadian
power plants on the Poplar River in Saskatchewan and at
Atikokan in Ontario. The Garrison Diversion irrigation
project in North Dakota aroused vigorous opposition in
Manitoba.
In other instances, economic and material growth far
removed from the international border have had
signiﬁcant binational implications, as with energy
demands in the United States and consequent problems of
oil, gas, atomic, and hydroelectric development in Canada.
The governments of Canada and the United States have
consistently promoted growth for economic and political
reasons. Today, they find themselves increasingly
importuned by constituents unhappy with unwanted
consequences of the kind of growth that has been
occurring. A characteristic aspect of the environmental
problem of growth has been that alleged beneﬁts are likely
to accrue to occupants of one country, whereas the
unwanted consequences fall upon occupants ofthe other.
Although this is not the place to discuss "growth" as a
political and ideological issue in modern society, its
relevance to environmental policies should be recognized.
Perspectives in Canada and the United States differ, in
balance, on desirability of economic growth and
development. Many Canadians see in their vast natural
environment undeveloped possibilities for economic and
population growth. In the United States "growth" has
been
a
dominant
political
objective, but
not without
objections from organized citizens who advocate controlled
or limited
growth
where
development
is perceived
to
threaten quality of life and the environment. Controversy
over the nature and desirability ofgrowth occurs on both
sides of the international border and is a factor affecting
almost all environmental issues arising between Canada
and the United States. Neither country has a consistent
policy on these issues; positions have
varied, issue by
issue. When economic growth is promoted through
development on one side of the border, environmental
quality is defended on the other. Each country has sought
beneﬁts from development, but neither is prepared to
share costs of the other‘s beneﬁts.
Contrary to dominant and traditional belief and
political commitment to undifferentiated economic
growth, the minority opinion that material growth should
be selectively controlled seems to be growing in North
America and throughout the greater part of the western
world generally. Response to demand that growth should
be selective would place a greater stress upon government
than accommodation to inexorable limits, a disagreeable
task which nevertheless might be less difficult if the limits
were obvious to everyone. In the latter case, governments
and the private sector of society must adjust to what they
cannot control. When, however, a question of choice
arises, and as the consequences of choice impinge upon
lives and values of people, the substance of choice and the
process of choosing become political. Economic prosperity
and quality of life depends, in the transboundary region as
it does elsewhere, upon the health of the environment.
Here, however, two national governments and their
subordinate members share responsibility for welfare of
the region.
Uses of the large, but yet limited, lands and waters of
the Canadian-American boundary region have become
subjects of political decisionmaking because these
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 rapidly than usual with human cultural change. A
pertinent example is the now widespread adoption of
formalized environmental impact analysis and
assessment, initiated in the United States in 1969 with
adoption of the National Environmental Policy Act
(NEPA), and in Canada in 1973, when the Federal
Government established its Environmental Assessment
and Review Process (EARP). Knowledge is not self-
generating, but mandatory analysis of environmental
impacts, as required by NEPA, has stimulated scientiﬁc
inquiry by revealing where knowledge is needed. Such
analysis has also brought a greater degree of rational
systematic consideration of relevant facts into public and
private decisionmaking. The ultimate power of the impact
statement lies in the force of knowledge. How any
particular statement is used is another matter. But the
principle involved is so critical to the resolution of policy
problems of resources and environment that it will receive
the special attention that follows.
The Authority of Knowledge
The conditions of a high-information level society will
almost certainly inﬂuence institutional arrangements and
organizational decisionmaking in this world of rapid
changes and competing forces. The force of knowledge
brings pressure to bear upon the solution of problems of
public policy, including binational problems, but it is not
merely knowledge that influences action; it is also the way
in which knowledge is deployed. The marshaling and
analysis of relevant knowledge is now a basic phase of the
dec
isi
on
pro
ces
s i
n a
ll
res
pon
sib
le
ent
erp
ris
es,
pub
lic
or
private. Both government and business draw upon
information services external to their operations. They
then adapt the information to their internal needs. Where
two
or
mor
e
org
ani
zat
ion
s
ma
ke
joi
nt
or
con
cur
ren
t
dec
isi
ons
,
a
co
mm
on
dat
a
bas
e
is
nee
ded
.
Tha
t
gov
ern
men
ts
obt
ain
and
uti
liz
e i
nfo
rma
tio
n p
ert
ine
nt
to
the
ir
de
ci
si
on
s
ha
s
be
co
me
a
wi
de
sp
re
ad
pu
bl
ic
exp
ect
ati
on.
Pub
lic
dis
app
rov
al
an
d
los
s
of
con
fid
enc
e
follows failure of governments to act upon the basis of
verified information. Provision of an adequate
information base for decisionmaking is becoming a
popularly assumed responsibility ofgovernment.
The impacts of a high-infomiation level culture on
public policy may be analyzed in several ways, but
attention here will focus upon the following ﬁve aspects:
(1) authoritative nature of veriﬁable knowledge, (2)
enlargement and differentiation of informed participation
in public decisionmaking, (3) the convergence of public
and private decisionmaking, (4) the growing obsolescence
of previously reliable information, and (5) the growing
importance of research as a public enterprise.
The importance of the knowledge factor is apparent
when one considers that the essence of any effective
decision support system is the acquisition, transformation,
transmission, and evaluation of knowledge. Decision
support systems for more effective management of
binational environmental and resource problems are a
logical response to the demands and opportunities of
present-day transboundary relationships. If trans-
boundary friction is to be minimized, systematic attention
should be given to the processes of obtaining, [Ed. Note:
See pp. 114 — 115 for one apparently promising example of
joint arrangement for increasing shared Canada/USA.
knowledge via transboundary water gauging] processing,
synthesizing, interpreting, testing, and evaluating
knowledge relevant to issues requiring concurrent action
by Canada and the United States. Knowledge has always
tended to be translated into power, and power has
traditionally sought knowledge. Knowledge in the hands
of power has always been a double—edged weapon, and the
enormous power that science and technology have
conferred upon knowledge makes it too dangerous a
property to trust fully to the hands of duly constituted
authorities, whether they are democrats or autocrats.
Practical necessity appears to be working to broaden
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p
a
r
t
i
c
i
p
a
t
i
o
n
in
d
e
c
i
s
i
o
n
s
r
e
g
a
r
d
i
n
g
t
h
e
u
s
e
s
of
k
n
o
w
l
e
d
g
e
.
P
u
b
l
i
c
a
n
d
p
r
i
va
t
e
d
e
c
i
s
i
o
n
m
a
k
e
r
s
a
r
e
m
o
r
e
a
n
d
m
o
r
e
called
u
p
o
n
to
s
h
a
r
e
p
o
w
e
r
w
i
t
h
m
o
r
e
a
n
d
m
o
r
e
unofﬁcial
d
e
c
i
s
i
o
n
influencers.
Y
e
t
c
i
r
c
u
m
s
t
a
n
c
e
s
c
r
e
a
t
e
p
r
o
b
l
e
m
s
o
f
a
c
c
o
u
n
t
a
b
i
l
i
t
y
b
o
t
h
for
c
o
r
p
o
r
a
t
e
d
e
c
i
s
i
o
n
m
a
k
e
r
s
a
n
d
elective
a
n
d
a
p
p
o
i
n
t
i
v
e
officials
of
g
o
v
e
r
n
m
e
n
t
,
w
h
o
s
e
a
u
t
h
o
r
i
t
y
d
e
r
i
v
e
s
f
r
o
m
l
a
w
.
I
n
t
h
e
U
n
i
t
e
d
States,
t
h
e
l
a
w
h
a
s
legitimized,
directly
or
indirectly,
a
b
r
o
a
d
e
n
e
d
b
a
s
e
of
decision
input,
if
n
o
t
o
f
a
c
t
u
a
l
d
e
c
i
s
i
o
n
m
a
k
i
n
g
.
T
h
e
F
r
e
e
d
o
m
of
I
n
f
o
r
m
a
t
i
o
n
A
c
t
a
n
d
t
h
e
p
r
o
v
i
s
i
o
n
o
f
t
h
e
N
a
t
i
o
n
a
l
E
n
v
i
r
o
n
m
e
n
t
a
l
P
o
l
i
c
y
A
c
t
r
e
q
u
i
r
i
n
g
t
h
a
t
draft
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
s
t
a
t
e
m
e
n
t
s
b
e
m
a
d
e
a
v
a
i
l
a
b
l
e
to
t
h
e
i
n
t
e
r
e
s
t
e
d
public,
a
n
d
t
h
e
r
i
g
h
t
o
f
t
h
e
p
u
b
l
i
c
to
c
o
m
m
e
n
t
u
p
o
n
draft
s
t
a
t
e
m
e
n
t
s
,
e
n
l
a
r
g
e
s
o
p
p
o
r
t
u
n
i
t
y
to
i
n
f
l
u
e
n
c
e
t
h
e
decision
process.
C
a
n
a
d
a
'
s
E
A
R
P
,
p
a
r
t
i
c
ul
a
r
l
y
a
s
s
t
r
e
n
g
t
h
e
n
e
d
in
m
i
d
-
1
9
8
4
,
a
n
d
its
A
c
c
e
s
s
to
I
n
f
o
r
m
a
t
i
o
n
A
c
t
h
a
v
e
a
s
i
m
i
l
a
r
effect.
I
n
t
h
e
past,
w
h
e
n
public
officials
acting
u
n
d
e
r
the
a
ut
h
o
r
i
t
y
of
g
o
v
e
r
n
m
e
n
t
w
e
r
e
l
a
r
g
e
l
y
i
m
m
u
n
e
f
r
o
m
l
a
w
s
u
i
t
s
c
h
a
l
l
e
n
g
i
n
g
their
a
c
t
i
o
n
or
inaction,
t
h
e
y
c
o
u
l
d
m
o
r
e
safely
i
g
n
o
r
e
a
v
a
i
l
a
b
l
e
a
n
d
r
e
l
e
v
a
n
t
i
n
f
o
r
m
a
t
i
o
n
t
h
a
n
t
h
e
y
c
a
n
t
o
d
a
y.
I
n
t
h
e
U
n
i
t
e
d
States,
t
h
e
r
e
a
p
p
e
a
r
s
to
b
e
a
p
r
o
g
r
e
s
s
i
v
e
attrition
of
t
h
e
i
m
m
u
n
i
t
y
o
f
p
ub
l
i
c
officials
to
p
e
n
a
l
t
i
e
s
for
d
a
m
a
g
i
n
g
c
o
n
s
e
q
u
e
n
c
e
s
o
f
ofﬁcial
acts.
T
h
e
diversity
a
n
d
c
o
m
p
l
e
x
i
t
y
of
the
law,
a
n
d
of
the
va
r
i
e
d
i
n
t
e
r
p
r
e
t
a
t
i
o
n
s
o
f
t
h
e
courts,
a
r
e
p
l
a
c
i
n
g
a
g
r
o
w
i
n
g
p
r
e
m
i
u
m
o
n
t
h
e
validity
a
n
d
defensibility
o
f
t
h
e
f
act
ua
l
basis
of
ofﬁcial
decision.
T
h
i
s
t
r
e
n
d
is
less
a
d
v
a
n
c
e
d
in
C
a
n
a
d
a
w
h
e
r
e
judicial
r
e
v
i
e
w
of
a
d
m
i
n
i
s
t
r
a
t
i
ve
decisions
is
m
u
c
h
less
c
o
m
m
o
n
,
b
u
t
the
constitutional
C
h
a
r
t
e
r
of
R
i
g
h
t
s
a
n
d
F
r
e
e
d
o
m
s
,
p
r
o
c
l
a
i
m
e
d
1
7
April
1982,
m
a
y
c
h
a
n
g
e
this
o
ve
r
time.
It
h
a
s
l
o
n
g
b
e
e
n
h
e
l
d
b
y
d
u
l
y
constituted
authorities
that
ignorance
of
the
l
a
w
is
n
o
valid
e
x
c
u
s
e
for
its
violation.
T
o
d
a
y
,
it
is
also
increasingly
b
e
i
n
g
a
r
g
u
e
d
that
i
g
n
o
r
a
n
c
e
of
available
r
e
l
e
va
n
t
k
n
o
w
l
e
d
g
e
does
not
excuse
error
of
ineptitude
(
h
o
w
e
v
e
r
lawful)
in
either
ofﬁcial
or
corporate
d
e
c
i
s
i
o
n
m
a
k
i
n
g
.
A
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
e
g
r
o
w
i
n
g
n
e
e
d
to
d
e
m
o
n
s
t
r
a
t
e
t
h
a
t
  
j
u
d
g
m
e
n
t
h
a
s
b
e
e
n
a
d
e
q
u
a
t
e
l
y
i
n
f
o
r
m
e
d
is
t
h
a
t
p
o
w
e
r
d
e
facto
is
m
o
r
e
w
i
d
e
l
y
s
h
a
r
e
d
t
h
a
n
t
h
e
d
e
j
u
r
e
a
r
r
a
n
g
e
m
e
n
t
s
s
ug
g
e
s
t
.
T
h
i
s
b
r
o
a
d
e
n
i
n
g
of
t
h
e
p
o
w
e
r
b
a
s
e
to
i
n
c
l
u
d
e
r
e
l
e
v
a
n
t
s
o
u
r
c
e
s
o
f
i
n
f
o
r
m
a
t
i
o
n
d
o
e
s
n
o
t
n
e
c
e
s
s
a
r
i
l
y
result
i
n
w
i
s
e
r
o
r
m
o
r
e
r
e
s
p
o
n
s
i
b
l
e
d
e
c
i
s
i
o
n
s
.
It
d
o
e
s
s
u
g
g
e
s
t
,
h
o
w
e
v
e
r
,
t
h
a
t
m
o
r
e
effective
a
n
d
r
e
s
p
o
n
s
i
b
l
e
d
e
c
i
s
i
o
n
s
a
r
e
possible,
p
r
o
v
i
d
e
d
t
h
a
t
t
h
e
e
n
l
a
r
g
e
d
i
n
p
u
t
s
of
k
n
o
w
l
e
d
g
e
a
r
e
in
fact
valid,
a
d
e
q
u
a
t
e
to
t
h
e
n
e
e
d
,
a
n
d
a
r
e
s
e
r
i
o
us
l
y
considered.
I
n
c
r
e
a
s
i
n
g
B
u
t
D
i
f
f
e
r
e
n
t
i
a
t
i
n
g
P
a
r
t
i
c
i
p
a
t
i
o
n
A
m
o
n
g
t
h
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
a
h
i
g
h
-
i
n
f
o
r
m
a
t
i
o
n
level
society,
e
s
p
e
c
i
a
l
l
y
m
a
r
k
e
d
i
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
,
is
t
h
e
f
o
r
m
a
t
i
o
n
o
f
s
p
e
c
i
a
l
i
n
t
e
r
e
s
t
g
r
o
u
p
s
p
r
e
s
s
u
r
i
n
g
g
o
v
e
r
n
m
e
n
t
o
n
b
e
h
a
l
f
o
f
t
h
e
i
r
o
b
j
e
c
t
i
v
e
s
a
n
d
w
e
l
l
o
r
g
a
n
i
z
e
d
to
d
e
l
i
v
e
r
s
u
p
p
o
r
t
i
v
e
i
n
f
o
r
m
a
t
i
o
n
to
p
u
b
l
i
c
officials
a
n
d
t
h
e
p
u
b
l
i
c
-
a
t
—
l
a
r
g
e
.
G
r
o
w
t
h
i
n
t
h
e
n
u
m
b
e
r
a
n
d
d
i
v
e
r
s
i
t
y
o
f
n
o
n
-
g
o
v
e
r
n
m
e
n
t
a
l
o
r
g
a
n
i
z
a
t
i
o
n
s
f
o
r
m
e
d
to
i
n
ﬂ
u
e
n
c
e
p
o
l
i
c
y
h
a
s
b
e
c
o
m
e
a
political
p
h
e
n
o
m
e
n
o
n
o
f
m
o
d
e
r
n
t
i
m
e
s
.
S
u
c
h
o
r
g
a
n
i
z
e
d
g
r
o
u
p
s
a
r
e
b
e
g
i
n
n
i
n
g
to
o
p
e
r
a
t
e
a
c
r
o
s
s
i
n
t
e
r
n
a
t
i
o
n
a
l
b
o
u
n
d
a
r
i
e
s
;
m
a
n
y
w
i
t
h
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
c
e
r
n
s
a
r
e
a
c
t
i
v
e
i
n
b
o
t
h
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
n
d
C
a
n
a
d
a
;
l
a
b
o
r
u
n
i
o
n
s
a
n
d
t
r
a
d
e
a
s
s
o
c
i
a
t
i
o
n
s
h
a
v
e
l
o
n
g
t
r
a
n
s
c
e
n
d
e
d
t
h
e
C
a
n
a
d
i
a
n
-
A
m
e
r
i
c
a
n
b
o
r
d
e
r
.
E
n
v
i
r
o
n
m
e
n
t
a
l
o
r
g
a
n
i
z
a
t
i
o
n
s
h
a
v
e
m
o
r
e
r
e
c
e
n
t
l
y
b
e
g
u
n
t
o
o
p
e
r
a
t
e
t
r
a
n
s
n
a
t
i
o
n
a
l
l
y
a
n
d
for
t
h
e
s
p
e
c
i
ﬁ
c
p
u
r
p
o
s
e
o
f
p
a
r
t
i
c
i
p
a
t
i
n
g
i
n
a
n
d
i
n
f
l
u
e
n
c
i
n
g
d
e
c
i
s
i
o
n
m
a
k
i
n
g
i
n
government.
I
n
c
r
e
a
s
e
d
n
o
n
g
o
v
e
r
n
m
e
n
t
a
l
p
a
r
t
i
c
i
p
a
t
i
o
n
i
n
p
u
b
l
i
c
d
e
c
i
s
i
o
n
m
a
k
i
n
g
,
h
o
w
e
v
e
r
,
o
b
v
i
o
u
s
l
y
d
o
e
s
n
o
t
i
n
s
u
r
e
m
o
r
e
e
f
f
e
c
t
i
v
e
o
r
r
e
s
p
o
n
s
i
b
l
e
d
e
c
i
s
i
o
n
s
;
m
u
c
h
d
e
p
e
n
d
s
u
p
o
n
t
h
e
q
u
a
l
i
t
y
o
f
t
h
e
p
a
r
t
i
c
i
p
a
t
o
r
y
i
n
p
u
t
.
P
a
r
t
i
c
i
p
a
t
i
o
n
i
n
d
e
c
i
s
i
o
n
m
a
k
i
n
g
h
a
s
b
e
c
o
m
e
a
d
o
g
m
a
t
i
c
o
b
s
e
s
s
i
o
n
i
n
s
o
m
e
s
c
h
o
o
l
s
o
f
l
i
b
e
r
a
l
d
e
m
o
c
r
a
t
i
c
i
d
e
o
l
o
g
y
.
E
s
p
e
c
i
a
l
l
y
i
n
t
h
e
r
e
a
l
m
o
f
p
o
l
i
t
i
c
s
t
h
e
r
e
h
a
s
b
e
e
n
a
w
i
d
e
s
p
r
e
a
d
r
e
l
u
c
t
a
n
c
e
t
o
c
o
n
s
i
d
e
r
w
h
o
,
w
i
t
h
r
e
s
p
e
c
t
to
p
a
r
t
i
c
u
l
a
r
i
s
s
u
e
s
o
f
policy,
is
c
o
m
p
e
t
e
n
t
t
o
p
a
r
t
i
c
i
p
a
t
e
,
a
n
d
w
h
o
is
n
o
t
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
s
c
i
e
n
t
i
ﬁ
c
a
l
l
y
d
e
f
e
n
s
i
b
l
e
c
r
i
t
e
r
i
a
f
o
r
determining who should participate in public decisions
have not been well considered. It is doubtful that the most
con
ﬁrm
ed
equ
ali
tar
ian
wou
ld
arg
ue
tha
t
eve
ryo
ne
without exception is equally competent to have a voice in
any major policy decision, regardless of what must be
known about the decision in order to understand it and its
implications.
 
Safe and responsible use of knowledge implies wide
acc
ess
an
d
res
pon
sib
le,
sys
tem
ati
c
me
an
s
for
marshaling and applying that knowledge.
The question of who is competent to participate should,
of course, be distinguished from the right of persons to ask
questions or to express opinions, whether or not they are
com
pet
ent
to
re
co
mm
en
d d
eci
sio
ns.
The
re
is a
n o
bvi
ous
and
imp
ort
ant
dis
tin
cti
on
bet
wee
n w
ho
sho
uld
hav
e
a
rig
ht
to e
xpr
ess
an
opi
nio
n o
n a
mat
ter
of p
ubl
ic p
oli
cy a
nd
the
wei
ght
tha
t s
hou
ld
fai
rly
be
giv
en
to t
hat
opi
nio
n.
The
important question is not who is competent to participate
but
rat
her
by
wh
at
cri
ter
ia
sho
uld
opi
nio
ns
be
sif
ted
an
d
eva
lua
ted
.
For
exa
mpl
e,
und
er
the
ter
ms
of
the
Uni
ted
Sta
tes
Nat
ion
al
Env
iro
nme
nta
l P
oli
cy
Act
or
Can
ada
's
EA
RP
, a
nyo
ne
is f
ree
to c
om
me
nt
upo
n t
he
sub
sta
nce
and
me
th
od
ol
og
y
of
an
off
ici
al
dra
ft
en
vi
ro
nm
en
ta
l
im
pa
ct
st
at
em
en
t.
Bu
t
it
is
no
t
in
cu
mb
en
t
up
on
th
e
ofﬁ
cia
ls
res
pon
sib
le
for
the
st
at
em
en
t
to
eva
lua
te,
as
of
equ
al
mer
it,
all
of
the
opi
nio
ns
exp
res
sed
.
Op
in
io
ns
ma
y
be
ba
se
d u
po
n
er
ro
ne
ou
s
in
fo
rm
at
io
n
or
up
on
no
in
fo
rm
at
io
n
wh
at
ev
er
.
Th
e
qu
al
it
y o
f i
np
ut
in
to
pu
bl
ic
he
ar
in
gs
an
d
of
pu
bl
ic
co
mm
en
t
on
of
ﬁc
ia
l
ac
ti
on
mi
gh
t
be
gr
ea
tl
y
en
ha
nc
ed
,
we
re
cr
it
er
ia
fo
r a
de
qu
ac
y
an
d
re
le
va
nc
e
mo
re
ca
re
fu
ll
y
fo
rm
ul
at
ed
an
d
mo
re
wi
de
ly
di
ss
em
in
at
ed
th
an
th
ey
ar
e
to
da
y.
On
e
of
th
e
ma
jo
r
fu
nc
ti
on
s
of
Ca
na
da
's
environmental assessment panels appointed under EARP
is to consider the weight to be given to such testimony.
In many instances, and perhaps most, there are few
criteria beyond the language of the law to guide the input
of the public into ofﬁcial deliberations, nor are there
agreed-upon criteria for determining weight to be
assigned to the various factors relevant to contested
environment related decisions. In the United States, the
National Environmental Policy Act and the organic acts
for the Forest Service and the Bureau of Land
Management, in addition to a large number of
environmental regulatory statutes, undertake to specify,
to a much greater extent than heretofore, criteria for
ofﬁcial decisionmaking. These requirements not only
provide disclosure of the basis for decision, but also reduce
the freedom of decisionmakers to favor personal or ofﬁcial
preferences. Canada's EARP panels with their public
reports and recommendations have had a similar effect.
The weight of such evidence as we have appears to
indicate that more economical and ecologically
sustainable decisions have resulted.
Converging Public-Private Responsibility
Broadened participation in public and in private
corporate decisionmaking is explained in part by the
broadening base of knowledge throughout our high-
information level society. Lines that once seemed to
clearly differentiate public from private enterprise have
become blurred and irregular. Private corporate
ent
erp
ris
e a
nd
per
son
s i
n t
hei
r i
ndi
vid
ual
cap
aci
tie
s a
re
major consumers of natural resources and environment,
and the consequences of this consumption and the way in
which it occurs have become widely regarded as matters of
public concern that transcend political boundaries.
Large development schemes in both the United States
and Canada, particularly for energy and water resources,
frequently involve both private and public participation in
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pla
nni
ng,
ma
na
ge
me
nt
,
an
d
ﬁna
nce
.
Bo
th
nat
ion
s
th
er
ef
or
e
sh
ar
e
re
sp
on
si
bi
li
ty
in
so
me
de
gr
ee
fo
r
th
e
su
cc
es
se
s,
fa
il
ur
es
, a
nd
co
ns
eq
ue
nc
es
of
th
es
e j
oi
nt
ac
ti
on
s.
Pro
pon
ent
s o
f s
uch
ent
erp
ris
es
are
oft
en
hig
hly
mot
iva
ted
to
mo
bi
li
ze
su
pp
or
t
fo
r
th
ei
r
ob
je
ct
iv
es
,
bu
t
th
ey
la
ck
inc
ent
ive
to
obt
ain
inf
orm
ati
on
tha
t c
oul
d r
ais
e q
ues
tio
ns
reg
ard
ing
the
mer
its
or
pro
spe
cts
of
the
ir
eff
ort
s.
The
po
te
nt
ia
l
co
nc
en
tr
at
io
n
of
te
ch
ni
ca
l
ex
pe
rt
is
e
an
d
inf
orm
ati
on
in
com
bin
ed
gov
ern
men
t-c
orp
ora
te
act
ivi
ty i
s
so
gr
ea
t t
hat
, u
nl
es
s
th
er
e
ar
e s
om
ew
he
re
co
rr
es
po
nd
in
g
re
so
ur
ce
s a
nd
fac
ili
tie
s f
or
di
si
nt
er
es
te
d r
ev
ie
w,
th
e p
ub
li
c
is l
arg
ely
una
ble
to e
xam
ine
cri
tic
all
y or
eva
lua
te
wha
t i
s
pro
pos
ed.
Ofﬁ
cia
l
dec
isi
onm
ake
rs
are
key
ed
int
o t
he
sou
rce
s
of
ava
ila
ble
kn
owl
ed
ge
,
wh
er
ea
s
the
les
s
org
ani
zed
pub
lic
wit
ho
ut
the
ins
tit
uti
ona
l a
nd
ﬁna
nc
ia
l
re
so
ur
ce
s
of
go
ve
rn
me
nt
or
co
rp
or
at
e
en
te
rp
ri
se
ma
y
be
po
or
ly
eq
ui
pp
ed
to
pl
ay
a c
on
st
ruc
ti
ve
rol
e i
n t
he
ove
ral
l
decisionmaking process.
If,
of
cou
rse
, t
her
e i
s a
bro
ad
and
ade
qua
te
bas
e o
f
in
fo
rm
ed
pub
lic
par
tic
ipa
tio
n i
n t
he
ini
tia
l c
onc
ept
ion
an
d
pl
an
ni
ng
of
pro
jec
ts,
the
re
ma
y
be
les
s
occ
asi
on
for
su
bs
eq
ue
nt
pub
lic
rev
iew
of
ofﬁ
cia
l a
cti
on.
Bu
t t
his
is
not
the
sit
uat
ion
in
wh
ic
h d
ev
el
op
me
nt
pro
jec
ts
tha
t a
lte
r t
he
en
vi
ro
nm
en
t
ar
e
ch
ar
ac
te
ri
st
ic
al
ly
la
un
ch
ed
.
Na
tu
ra
l
res
our
ces
de
ve
lo
pm
en
t
sc
he
me
s
ma
y
rec
eiv
e
an
ear
ly
su
pe
rf
ic
ia
l
pu
bl
ic
ai
ri
ng
, b
ut
in
fo
rm
at
io
n
re
ga
rd
in
g
th
ei
r
su
bs
ta
nc
e
an
d
im
pl
ic
at
io
ns
ar
e
us
ua
ll
y
he
ld
cl
os
el
y
by
pe
rs
on
s
di
re
ct
ly
in
te
re
st
ed
.
By
th
e
ti
me
th
at
th
e
ge
ne
ra
l
pu
bl
ic
be
co
me
s
aw
ar
e
of
th
e
de
ve
lo
pm
en
t
an
d
its
imp
lic
ati
ons
,
pl
an
ni
ng
ha
s
mo
ve
d
a
lon
g
wa
y
to
wa
rd
au
th
or
iz
at
io
n.
Op
po
si
ti
on
th
en
be
co
me
s
an
up
hi
ll
st
ru
gg
le
.
Pu
bl
ic
pr
ov
is
io
ns
fo
r
th
e
ma
rs
ha
li
ng
of
all
rel
eva
nt
kno
wle
dge
and
of
app
rop
ria
te
pub
lic
inp
ut
is
no
wh
er
e
we
ll
or
ga
ni
ze
d;
bu
dg
et
co
ns
tr
ai
nt
s
an
d
of
ﬁc
ia
l
dis
tas
te
for
pu
bl
ic
im
po
rt
un
it
ie
s a
re
re
as
on
s w
hy
.
He
re
, a
t
le
as
t
po
te
nt
ia
ll
y,
th
e
Ca
na
di
an
pr
ac
ti
ce
of
pr
oj
ec
t r
ev
ie
w
by
in
de
pe
nd
en
t
en
vi
ro
nm
en
ta
l
as
se
ss
me
nt
pa
ne
ls
pr
io
r t
o
of
ﬁc
ia
l
pr
oj
ec
t a
ut
ho
ri
za
ti
on
ma
y,
at
le
as
t i
n p
ri
nc
ip
le
,
be
mor
e e
ffe
cti
ve
tha
n t
he
Ame
ric
an
pra
cti
ce
of
lit
iga
tin
g
over the adequacy of draft environmental impact
sta
tem
ent
s.
Alt
hou
gh
the
re
is n
o i
nsu
per
abl
e o
bst
acl
e t
o
pre
ven
t A
mer
ica
n g
ove
rnm
ent
al
age
nci
es
fro
m i
nvo
lvi
ng
the
con
cer
ned
pub
lic
in
pr
ep
la
nn
in
g d
eli
ber
ati
ons
or
in
ass
emb
lin
g a
ll
acc
ess
ibl
e k
now
led
ge
rel
eva
nt
to
the
ir
pro
pos
als
, t
rad
iti
ona
lly
the
re
has
bee
n l
ittl
e i
nce
nti
ve
for
the
m t
o d
o s
o;
on
the
con
tra
ry,
pol
iti
cal
inc
ent
ive
s a
re
often strong for them not to involve the public.
A possible consequence of the increasing convergence
and mixing of public and private participation in large—
sca
le
dev
elo
pme
nt
and
env
iro
nme
nt—
aff
ect
ing
pol
ici
es
is
tha
t
res
pon
sib
ili
ty
for
dec
isi
onm
aki
ng
ma
y
bec
ome
ambiguous. The days when business was clearly business
and government was clearly government seem unlikely to
return. The power of knowledge available today to
gov
ern
men
t
and
cor
por
ate
ent
erp
ris
e i
s s
o g
rea
t,
tha
t
unl
ess
tha
t k
now
led
ge
is
wid
ely
sha
red
and
eff
ect
ive
ly
organized throughout society, the concept of democratic
sel
f-g
ove
rnm
ent
is l
ike
ly
to
bec
ome
pro
ges
siv
ely
les
s r
eal
in any practical sense.
The Problem of Obsolescence
That the knowledge may be freely available to anyone
in libraries, databanks, government bureaus, and
cor
por
ate
ofﬁ
ces
is b
esi
de
the
poi
nt.
The
ver
y m
ass
and
spe
cia
liz
ed
cha
rac
ter
of
kno
wle
dge
,
the
rap
idi
ty
of
informational obsolescence, and the quickening pace of
innovation handicap the unaided citizen or organization in
eff
ect
ive
ly
usi
ng
inf
orm
ati
on.
A
ser
iou
s
bar
rie
r
to
flexibility in the use of up—to-date knowledge and methods
has been assumptions, requirements, and standards
written into government statutes and regulations that
ten
d t
o b
e s
elf
—pe
rpe
tua
tin
g a
nd
not
eas
ily
ada
pte
d t
o
changed circumstances. Worse, some of them are obsolete
to t
he
poi
nt
of b
ein
g e
rro
neo
us.
Me
an
s m
ust
be
fou
nd
for
pre
ven
tin
g o
bso
let
e "
kno
wle
dge
" o
r m
eth
odo
log
y
fro
m
blocking or distorting the use of improved methods. Thus,
testing the validity of prevailing assumptions would be an
important, although unpopular, function of a decision
support system. Safe and responsible use of knowledge
implies wide access and responsible, systematic means for
marshaling and applying that knowledge. This problem
calls for institutional arrangements that do not presently
exist either at national or binational levels of government.
The Growing Importance of Research
The implication of the foregoing discussion is that the
question of what information will be needed to evaluate
public decisions will become an increasingly important
aspect of responsible government. It will become no less
an important concomitant of multinational or binational
cooperation. If the power of scientiﬁc and technical
knowledge today has made governmental and private
corporate decisionmaking too important to be left wholly
to official decisionmakers, two important implications
follow. First, research into what to investigate (commonly
dismissed as "academic ﬁshing expeditions") becomes
essential to crisis-avoidance or error-avoidance in official
decisionmaking. Second, investment in basic research in
the nongovernmental noncorporate sectors of society takes
on a new measure ofsigniﬁcance.
In the past, large government agencies or corporate
enterprises believed they knew what they needed to know
to accomplish their perceived missions. In fact, they did
not always know what they needed in order to serve a
broader public interest, or even to anticipate their own
interests in the longer-range future. Research, other than
that speciﬁcally directed toward predetermined
organization goals (e.g., development) has seldom been
supported by government agencies and corporate
enterprise, and it has never been popular with public law-
makers. Research into resource development has been
supported because it has paid its sponsors to undertake it.
Research relating to misuse of resources or to man-made
environment problems has customarily been the business
of no one in particular, and has lagged until public alarm
compelled ofﬁcials to seek the information necessary to
take remedial action. Yet the force of public opinion
depends greatly upon who holds it and Where it is held.
With respect to such serious and widespread phenomena
as acid rain, government action to support necessary
research has been delayed for many years after it should
have been apparent that investigation was needed. In this
case public dissatisfaction was concentrated on the
Canadian side of the international border, whereas the
means for remedial action were largely in the United
States.
Today, there are a sufﬁcient number of resource and
environmental problems, present or foreseeable, to make a
case for a fact-ﬁnding analysis and evaluative facility
independent of the mission—oriented agencies of
government or the private sector. In a world vulnerable to
the speed, power, and practical irreversibility of many
aspects of technological change, arrangements for
forecasting, trend analysis, and error detection, as
unbiased as they can humanly be made, become practical
necessities if knowledge is to safely serve human welfare.
It seems probable that society today fails to beneﬁt from a
large part of available but underused or neglected
knowledge that could be applied to the general advantage
in public affairs. But if a politically decisive sector of the
public became persuaded that better informed public
decisions were both possible and necessary, improved
methods for gathering and deploying reliable knowledge
might be undertaken by governments. One means to this
end would be the systematic construction of a hierarchy of
knowledge consisting not only of what is known about the
impact of human activities upon the life support
capabilities of the environment, but also identifying, so far
as practicable, that which is not known and needs to be
known in decisions affecting the environment.
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at
is
to
sa
y
th
e
tr
an
sf
or
mi
ng
pr
oc
es
s
wh
er
eb
y
th
e
ra
w
da
ta
of
sc
ie
nt
if
ic
mo
ni
to
ri
ng
an
d
in
qu
ir
y
is
di
ge
st
ed
an
d
tr
an
sf
or
me
d
in
to
a
fo
rm
an
d
su
bs
ta
nc
e
su
it
ab
le
fo
r o
ffi
cia
l
de
ci
si
on
ma
ki
ng
.
It
is
to
th
is
"m
et
ab
ol
ic
"
pr
oc
es
s
th
at
we
now turn.
From Data to Decision
Ad
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pro
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s b
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at
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l d
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pro
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ow
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va
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st
ag
es
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tr
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sf
or
ma
ti
on
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du
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ic
h
th
e
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fo
rm
at
io
n
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ﬁr
st
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ed
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ad
eq
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cy
an
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iﬁ
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nc
e
an
d
th
en
ev
al
ua
te
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e
cri
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as
pe
ct
of
th
is
co
nt
in
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ng
pr
oc
es
s
is
"m
on
it
or
in
g"
.
Th
is
as
pe
ct
is
critical because it is the process by which information
about the state of the environment is analyzed for
indications of effects and trends, then is compared with
goals or standards established to realize public intent.
The term "monitoring" has been used in various ways, but
a deﬁnition especially pertinent to this essay appears in a
1984 report to government authorities in the Northwest
Territories of Canada:
Monitoring is the systematic collection and organization of
information which is to be used in improving the decisionmaking
process; either indirectly by informing the public, or directly as a
feedback tool designed for purposes of project management,
program evaluation, or policy development. Monitoring assists
an organization in keeping its policies and decisions responsive
to new opportunities and unforeseen changes in the
decisionmaking environment. (Carley 1984) [Ed Note: See pp.
122 — 123 for more of this exemplary report’s content]
Experience is needed in establishing effective
monitoring systems, but prior experience would not be
sufficient to insure the effectiveness of new arrangements.
It would be naive to believe that a reliable system could be
established in advance of practical experience with its
act
ual
ope
rat
ion
s.
Rea
son
s w
hy
thi
s is
so w
ill
be
dis
cus
sed
in the concluding section of this paper. Meanwhile
att
ent
ion
wil
l
be
dir
ect
ed
to
the
pro
ces
s
by
whi
ch
information moves from its point of origin to its
application in public planning and decisionmaking.
Information: Scope and Scale
On
ce
a
pr
ob
le
m
ha
s
be
en
ide
nti
fie
d
as
a
sub
jec
t f
or
pub
lic
dec
isi
on,
a
log
ica
l
que
sti
on
ari
ses
:
Wh
at
inf
orm
ati
on
is n
eed
ed
by
the
dec
isi
onm
ake
rs?
Ho
w d
oes
on
e
de
ci
de
wh
at
in
fo
rm
at
io
n
is
si
gn
iﬁ
ca
nt
,
an
d
wh
o
dec
ide
s?
It
is
spe
cio
us
to
ar
gue
tha
t t
he
dec
isi
onm
ake
rs
al
on
e a
re
co
mp
et
en
t t
o d
ec
id
e.
Al
th
ou
gh
th
ey
sh
ou
ld
ha
ve
a
vo
ic
e
in
id
en
ti
fy
in
g
wh
at
in
fo
rm
at
io
n
th
ey
ne
ed
,
ca
se
hi
st
or
ie
s
of
pu
bl
ic
de
ci
si
on
ma
ki
ng
in
di
ca
te
th
at
pu
bl
ic
ofﬁcials cannot safely be allowed unilaterally to determine
the information basis of their decisions. Acting alone,
they are more vulnerable to political pressure inside and
outside of government; and besides, the scope and scale of
major environmental issues exceeds the competence of any
single decisionmaker. Neither public nor private agencies
can realistically be expected to seek out and utilize
information that might prove prejudicial to projects or
programs to which they have been committed. In
circumstances of complex environmental relationships,
and high degrees of specialization on the part of
decisionmakers, it is unrealistic to expect that responsible
officials will be aware of all the implications of their
proposals. Consequently the scope and scale of data
development and monitoring needs attention and
overview from interdisciplinary sources of information.
It is essential to the effectiveness of decision support
systems that the scope and scale of the information which
they provide be deﬁned, at this stage, by a
multidisciplinary assessment of actual circumstances
unrestricted by considerations of institutional
responsibility or of legal jurisdiction. There is seldom a
sin
gle
or
exc
lus
ive
ly
"be
st"
wa
y
to
def
ine
an
environmental problem from a public policy perspective.
Disciplinary or jurisdictional definitions alone are
inadequate because they almost certainly fail to
enc
omp
ass
the
bro
ade
r
int
err
ela
tin
g
eff
ect
s
of
an
ide
nti
ﬁed
pro
ble
m.
Pro
ble
ms
of
nat
ura
l r
eso
urc
es
and
env
iro
nme
nt
occ
ur
wit
hin
a
con
tin
uum
of
tim
e
and
change; and decisionable information relating to them
ought to be presented not only in terms of substantive
sco
pe
(e.g
., t
he
rel
eva
nt
sub
jec
t m
att
er
to b
e c
ons
ide
red
),
but
als
o i
n t
erm
s o
f sc
ale
bot
h g
eog
rap
hic
and
chr
ono
log
ic,
(i.e
.,
ho
w l
arg
e a
phy
sic
al
imp
act
ove
r w
hat
per
iod
of
tim
e).
For
suc
h p
rob
lem
s t
he
sig
nif
ica
nce
of
tim
e-s
pac
e
fac
tor
s
mus
t
be
add
res
sed
if
rea
lis
tic
and
eff
ect
ive
decisions regarding them are to be made.
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an
d
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di
co
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or
t R
eg
io
n
Moroh 1984
Prepared for
Government of the
Northwest Territories
The Department of indion Affairs
and Northern Development
Th
e
obv
iou
s
tas
k
wa
s
to
dev
elo
p
a
cum
ula
tiv
e
soc
ioe
con
omi
c
mo
ni
to
ri
ng
pr
og
ra
m
for
th
e B
ea
ufo
rt
reg
ion
.
But
the
re
we
re
thr
ee
ke
y c
ons
tra
int
s.
Fir
st,
thi
s m
on
it
or
in
g p
ro
gr
am
wa
s t
o b
e d
es
ig
ne
d a
s
a
pr
ot
ot
yp
e
for
ot
he
r
pos
sib
le
mo
ni
to
ri
ng
eff
ort
s
in
th
e
NW
T.
Se
co
nd
,
th
e
mo
ni
to
ri
ng
pr
og
ra
m
wa
s
to
be
rel
ati
vel
y
eas
y
to
im
pl
em
en
t a
nd
cos
t-e
ffe
cti
ve.
Thi
rd,
and
per
hap
s m
os
t i
mpo
rta
nt,
th
e
mo
ni
to
ri
ng
pr
og
ra
m
wa
s
to
be
pol
icy
-or
ien
ted
,
tha
t
is,
to
be
con
cer
ned
wit
h t
he
par
ame
ter
s o
f p
rac
tic
al
dec
isi
on
mak
ing
.
These constraints ruled out a number of approaches, including
academic or theoretical approaches, and ones which relied heavily on
subj
ecti
ve s
ocia
l in
dica
tors
. A
lth
oug
h th
ere
is m
uch
inte
rest
ing
wor
k
being done on these subjective social indicators, they tend to be
methodologically problematical, expensive to obtain, and difficult to
interpret. The cost-effectiveness constraint ruled out research
directions which would have required massive survey research
programs to implement. And the policy orientation suggested that it
was important that this report be readily understandable to the non-
academic, and the non-social scientist...
Why Be Concerned About Monitoring?
The
like
liho
od o
f in
crea
sed
oil
and
gas
dev
elo
pme
nt
and
pro
duc
tio
n
in t
he
Bea
ufo
rt
reg
ion
will
be
acc
omp
ani
ed
by
pro
fou
nd
cha
nge
s in
man
y a
spec
ts o
f no
rth
ern
life.
The
scen
ario
s fo
r su
ch
dev
elo
pme
nts
include more drilling and production platforms, more artificial
isla
nds,
mar
ine
term
inal
s,
sta
gin
g a
reas
, s
hor
e-b
ase
d p
roc
ess
ing
faci
liti
es,
coas
tal
road
s,
and
vari
ous
deli
very
sch
eme
s i
ncl
udin
g ic
e-
bre
aki
ng t
anke
rs,
pipe
line
s, o
r bo
th.
The
situ
atio
n is
com
pou
nde
d b
y
part
icip
atio
n b
y t
hre
e m
ajo
r c
omp
ani
es,
and
man
y s
mal
ler
ones
. I
f
curr
ent
sch
eme
s g
o a
hea
d t
her
e wi
ll s
oon
be
maj
or
cha
nge
s i
n th
e
cha
rac
ter
of B
eau
for
t op
era
tio
ns a
s ex
plo
rat
ion
shif
ts t
o a
com
bin
ed
exp
lor
ati
on-
dev
elo
pme
nt-
pro
duc
tio
n
mod
e.
The
num
ber
of
dev
elo
pme
nts
will
exp
and
, t
he
lab
our
forc
e wi
ll g
row
ver
y ra
pidl
y,
and
ope
rat
ion
s w
ill
bec
ome
yea
r-r
oun
d.
As
the
thr
ee
maj
or
proponents said in 1981 :
Maj
or
cha
nge
s a
re
pro
jec
ted
in
the
cha
rac
ter
of
Bea
ufo
rt
ope
rat
ion
s.
The
re
wou
ld
be
a s
hift
fro
m p
ure
ly
exp
lor
ati
on
to
a
mix
tur
e o
f e
xplo
rati
on,
dev
elo
pme
nt
and
pro
duc
tio
n.
Som
e
ope
rat
ion
s w
hic
h a
re
now
dist
inct
ly
sea
son
al
wou
ld
bec
ome
larg
ely
or e
ntir
ely
yea
r-r
oun
d.
Bot
h e
xpl
ora
tio
n a
nd
pro
duc
tio
n
wou
ld
mov
e
furt
her
offs
hore
.
Mos
t
imp
ort
ant
ly
fro
m
a
soc
ioe
con
omi
c p
oint
-of-
view
, th
ere
wou
ld
be
a l
arge
incr
ease
in
the scale of operations.
Cumulative regional impacts will be intensified by various other
developments, both related and independent. These may include:
the
Nor
man
Wel
ls
oilf
ield
and
pipe
line
dev
elo
pme
nt,
ext
ens
ion
to
the Mackenzie Valley pipeline, a Dempster pipeline, greatly increased
haulage traffic on the Dempster Highway, and others. These
developments may in turn spawn commercial businesses, shipping,
9
 
  
transport, tourism, hydroelectric generation, etc. The population of
some communities will increase considerably, especially Inuvik. In
short, the landscape may change from a few communities in the
wilderness to one of numerous interspaced resource extractive and
supporting industries, with attendant growth in existing or new
towns, linked by roads, pipelines, and new shipping and air routes.
Of course, there is also a great amount of social and Cultural change
occurring in the region that has little to do with oil and gas, and that
really began about the 1950's: urbanization, increasing enrollment in
the formal educational system, exposure to mass media and especially
TV, native land claims, welfare payments, health care, roads,
snowmobiles, liquor stores, and many others, which will be explored
during the course of this report. But the oil and gas development and
production, which represent a threshold in the industrialization of
the north, forces Canadians to confront critically the many issues of
concern in the region. These issues are rooted in a basic debate
between the course of northern development and the control of the
development process. As Environment Canada puts it:
This debate is not new; indeed, it is a part of our northern
heritage. Recently, however, the debate has taken on a sense of
urgency. This has occurred because over the last four decades,
industrial man has finally developed the capacity to make major
penetrations into the North — penetrations that are generating
sweeping change in all aspects of northern life.
Many people and groups recognise that such sweeping change
sh0uld be carefully monitored to give early warning of unexpected or
cumulative changes, and to promote benefits to northern people.
Community and native groups, and various government
departments, have stressed recently the importance of such
monitoring in their submissions to the Beaufort Sea Environment
Assessment panel. The Environmental Impact Statement guidelines
asked the major proponents to propose a monitoring program, and
the proponents’ monitoring proposals are complete.
The
two
seni
or
leve
ls o
f g
ove
rnm
ent
for
the
Bea
ufo
rt
reg
ion
also
hav
e a
kee
n in
tere
st i
n mo
nit
ori
ng.
The
Dep
art
men
t of
Indi
an A
ffai
rs
and Northern Development (DIAND) has an interest in monitoring
whi
ch
refl
ects
thei
r co
nce
rn
for
nati
ve s
ocia
l d
eve
lop
men
t,
nor
the
rn
eco
nom
ic
dev
elo
pme
nt,
and
thei
r m
and
ate
to
coo
rdi
nat
e f
eder
al
acti
viti
es i
n th
e t
wo
terr
itor
ies.
The
Gov
ern
men
t o
f t
he
Nor
thw
est
Terr
itor
ies
(GN
WT)
is c
onc
ern
ed t
o mo
nit
or s
igni
fica
nt a
nd
rele
vant
changes and trends associated with resource developments, and to
assess the early influence of these changes on the GNWT’s expanding
provision of social services.
Why Take 3 Cumulative Perspective on Northern DeveIOpment?
Before going on to look at different kinds of monitoring, and their
relationship to planning and policy making, it is useful to consider
more generally some of the arguments for taking a cumulative
perspective on northern development, and why such a perspective is
uncommon in the impact assessment process.
The zoologist McTaggart-Cowan was one of the first to suggest the
necessity for a cumulative perspective, later recommended to the
government as a minimum assessment condition by the Alaska
Highway Pipeline Panel.... Their major recommendation read:
The government of Canada, with the authority to approve oil and
gas development, must also accept its respOnsibiIity to see that
impacts are managed... [|]t must consider the cumulative effects
arising from all development activities, and provide an effective
management system to avoid severe and unnecessary damage to
the environment.
The cumulative perspective for the human environment considers the
social, economic, cultural and political implications of all
industrializing projects in the Beaufort region, with attention to their
interrelated effects over time. The sum of these interrelated effects is
likely to be greater than those generated by particular projects,
considered separately. That is, impacts may have an additive effect:
many small, local impacts could be serious when occurring together.
At issue are not individual projects whose impacts may be
unexceptional, but rather changes wrought by the industrializing
process itself. As the Alaska Highway Pipeline Panel recognised, such
a cumulative approach is essential to an understanding of the
implications of industrialization on the whole of northern life and
culture itself, and is not substituted for by attention to particular
effects (e.g., native employment) of particular projects, as important
as those might be. However, the cumulative perspective is not easy
either to conceptualize or to carry out, and in spite of the millions of
dollars spent on "impact assessment", there is as yet little experience
of cumulative monitoring.
— Michael J. Carley, Cumulative Socioeconomic Monitoring:
Issues and Indicators for Canada’s Beaufort Region (March
1984)
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priate to a broad range of the sciences —- physical,
biological, and social — should be made available where
needed, but could hardly be specified in detail and in
advance when projecting the provisions for decision
support. For the numerous transboundary environment
and resource problems now confronting Canada and the
United States, no single system of decision support is
probably feasible. Yet some overall coordination of data
collecting and processing systems on each side of the
international border seems essential to effective
binational policymaking and decisions. The implication
appears to be the development of a system of systems.
Implicit in the foregoing discussion has been the
assumption that a binational decision support system is
needed to assist the resolution of transboundary
environmental problems that neither nation can solve
unilaterally. No such system presently exists and no
public call for one has been reported. So why should such a
proposition be considered? To answer this question
several others must be asked. What costs or
disadvantages, if any, are being incurred that such a
system could prevent? What beneﬁts or advantages, if
any, might be gained through such a system? Would the
costs of such a system be offset by its beneﬁts? How would
net gains, if any, be measured? Are Canadians and
Americans building sustainable, mutually advantageous
relationships along their 5,000-mile border on the basis of
present arrangements? What are the prospects for
transboundary conﬂicts in the future, and would present
arrangements be adequate to handle them?
These are questions that a serious investigation of a
binational decision support system would need to consider.
They cannot be answered here. Some parts of the answers
have been previously suggested, notably with respect to
the costs of conflict. Past events and present trends
suggest that transboundary environmental issues are not
likely to diminish in the future; on the contrary, they may
easily increase. Enough is at stake in transboundary
relationships for the two countries to justify seeking
improvements in their handling of binational
environmental problems that neither can resolve without
cooperation of the other.
Beyond these questions addressing the need for
binational decision support capabilities, there remains the
question of the goals of binational cooperation. Joined to
this question is an obvious corollary: By what agreed-
upon standards and criteria will the degree of goal
attainment be measured? This is, of course, an old and
continuing problem in the evaluation of public policies and
programs. The conventional goals of business —
profitability, customer satisfaction, even corporate
survival — are more easily specified and agreed upon than
the greater number of goals addressed by the public
agencies of governments.
Although private business decisions must take account
of time and change, these elements take on a different
significance for decisionmaking in government and
international affairs. For officials elected through
democratic processes, as in Canada and the United States,
time horizons are characteristically short, seldom longer
than the next election. Farsightedness is found among
more statesmanlike public officials, but it is seldom
regarded as a practical asset in politics. Sensitivity to
current trends is more important to personal political
survival. But policies needed for a nation's survival may
require vision measured in decades rather than in years.
The time required to repair ecological damage may be
much longer. That public officials do not look as far ahead
as they should to best serve the continuing interest oftheir
nations is one of the reasons why improved and extended
systems of monitoring and forecasting are needed.
Moreover, problems affecting future quality of the
atmosphere, water, soil, wildlife, and so forth, generally
exceed the capabilities of private enterprise or market
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 impinge upon their perceived interests, the long history
(and now large number) of transboundary disputes over
water—related
issues
make
it
difﬁcult
to
argue
convincingly
against
binational
decision
support
capability.
I am not aware of any effort to calculate the
monetary costs incurred to date over transboundary water
disputes, but these would not be the only, or even the most
important,
costs.
Opportunity
costs
are
difﬁcult
to
estimate,
yet
they
must
at
least
be
recognized
as
potentially signiﬁcant.
Then there are also political costs
which, although difficult to assess, are widely recognized
as being present.
Ecological costs (as in unmitigated
destruction of wetlands by the Garrison Diversion Project
in North Dakota, or the ﬂooding of the Skagit Valley in
British Columbia) are real, although not wholly amenable
to realistic assessment in monetary terms.
Beginning where we are means using existing
institutional capabilities where
possible.
But because
existing institutions would be asked, in some cases, to do
things that they are not now doing, or which they are
doing differently, there may be need for making
cooperation attractive to participating agencies. North
American political ethos suggests that persuasion is best
accomplished by a large carrot, a small stick, and
appropriate publicity.
In proportion to the importance of their mutual
economic and ecological interests and relationships, public
investment by Canada and the United States in
coordinated binational effort is almost certainly
disproportionately small. One task for a preplanning
group would be to estimate relative costs and beneﬁts of
present public and private information gathering-and-
processing activities versus incremental increases in
expenditure necessary to support a comprehensive
binational information system.
A
preplanning
group
would
obviously
have
to
have
adequate
powers
of inquiry
and
latitude
to propose
alternative arrangements
among
government
agencies
and
with private institutions.
Something much
more
tangible and operational than a mere speculative proposal
should ultimately be presented to the governments of
Canada and the United States, possibly through the
International Joint Commission.
Whatever the alternatives identiﬁed for binational
decision support, all are likely to share in several
fundamental characteristics.
The ﬁrst of these is some
type of overall coordinative body with planning, overview,
and evaluative responsibilities. It would require staff to
carry on its activities. Reporting to this body would be a
number of specialized task force committees, each
addressing a particular phase of transboundary,
environmental, or resource issues for which particular
attention was required. Through these bodies would be
worked out proposed arrangements to provide for
gathering and transmitting ﬁeld data in both countries to
centralized points for collation and evaluation of
information. The reconciling or calibrating of research
methods, measurements, and deﬁnitions would also be
implemented at this central location.
The entire process
should, or course, draw upon resources made available by
federal, state, provincial, municipal, and private corporate
contributors.
This type of investigation and planning has precedents
in Canadian-American relationships, which deserve
careful study before new efforts are undertaken. The
extended negotiations leading to the St. John River Basin
Agreement and to the Great Lakes Water Quality
Agreement should be familiar to anyone considering a
new or extended system for binational cooperation. Past
negotiations suggest that "facts", however scientiﬁc, carry
less weight than "interests" when binding agreements and
institutional arrangements are considered. Interests may,
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in time, be influenced by changing interpretations of facts
and their significance. One may not safely assume that
political value judgments that shaped (and limited)
Canadian-American environmental negotiations in the
1970s and complicate the acid rain issue today will
continue unchanged in the years ahead. The advancement
of scientific understanding of environmental relationships
would appear to add weight to "facts" in political
decisionmaking.
For this reason especially, the organic and flexible
character of a comprehensive system is particularly
important. As binational resource and environmental
problems are addressed, they are likely to change in
character, and the methods for dealing with them ought to
respond to such changes. Components of the overall
system should be able to expand, to contract, or to
withdraw, in accordance with the status of problems
addressed. This system would not create a permanent and
continuing bureaucracy, but neither would it be an ad hoc
or extemporary arrangement. Budgeting for such a
system would obviously entail both technical and political
difficulties, yet none would appear to be insurmountable.
At the outset of operations it would not be necessary to
project the ultimate scope of the general system. Its future
should be guided by need, and therefore its structure
should allow for the flexibility required for appropriate
res
pon
se
to
cha
ngi
ng
cir
cum
sta
nce
s o
ver
tim
e.
It
wou
ld
not
be
the
con
seq
uen
ce
of
a
wel
l-d
esi
gne
d s
yst
em
of
sys
tem
s t
o a
dd
sig
nif
ica
ntl
y t
o t
he
sup
ers
tru
ctu
re
of
the
government. In fact, its long—term tendency should be to
reduce, eliminate, or more economically perform activities
now undertaken to less effect.
The 21st century problems that North Americans have
been making for themselves can hardly be addressed
effectively by the concepts and methods appropriate to the
19th century. The International Joint Commission was an
innovative 20th-century response to problems that
emerged as a result of the growing interrelating affairs of
Canada and the United States, unavoidably, with respect
to the common problems and shared resources of the
boundary waters. Today, the extent of those involvements
and. our understanding of the nature ofthose involvements
have grown to dimensions that appear to call for further
innovation. Changes may be indicated for the IJC, or
additional institutional arrangements may be required;
developments in both respects may be desirable.
 
What can be done nationally can be done equally
binationally or multinationally if the occasion, the
will, the finances, and the institutional arrangements
are present.
A decision support system for dealing with binational
problems of natural resources and man-environment
relationships appears to be one of those innovations for
which circumstances now call. A binational inquiry to test
the validity of this premise and to answer the aforestated
questions regarding needs, means, and purposes could
yield beneﬁts regardless of conclusions reached. The
governments and peoples of Canada and the United States
would surely beneﬁt from a more adequate understanding
of their common problems and opportunities. Conﬂicts
latent in their relationships could be discovered and,with
timely understanding, have a better chance of being
avoided. In brief, the benefits of such an inquiry seem
certain to exceed its probable costs. The costs that might
be expected because of failure to anticipate or guide the
future could be far greater than the relatively modest
investment that an inquiry into a binational decision
support capability could reasonably be expected to cost
now.
 Steps Toward Innovation
Numerous proposals have already been made for
establishing binational environmental institutions or for
expanding the role of the IJC. They have been critiqued in
recent (1981) retrospections of the Commission (especially
by John E. Carroll and Don Munton) and need not be
reviewed here. Political infeasibility is the rock upon
which most of these proposals appear to have foundered.
Nevertheless, proposals for enlarged joint responsibilities
continue to be made, and even critics of these proposals do
not argue against improved and extended arrangements
for environmental surveillance, monitoring, and
evaluation of trends. There appears to be more agreement
on ends than upon means to attain them. Perhaps this is
because inquiry into means takes the discourse from the
high free ground of institutional design to the low
encumbering morass of politics.
There is more agreement that improved institutional
arrangements are needed to inform binational
decisionmaking than upon how fast and how far such
measures should proceed. Perhaps the time has come, or is
approaching, for a comprehensive study of the adequacy of
arrangements for responsible binational decisions on
transboundary environmental affairs. Such a study could
be initiated by the respective national governments.
Although the IJC might be regarded as a logical sponsor
for such an effort, the fact that it would be a subject of the
study suggests that a separate commission of inquiry
would be necessary to avoid the appearance of a conﬂict of
interest. There is familiarity in both nations with the uses
(and abuses) of royal or presidential commissions; a
binational commission could be put together in a way that
would optimize its prospects for tangible accomplishment.
Its mission and membership should be buffered from
partisan efforts to predetermine its output. An early task
would be analysis of proposals previously made for
strengthening binational transboundary environmental
decisionmaking.
The associative consideration of politics would also
receive strategy-forming attention in any realistic
inquiry. If the inquiry were based upon acceptance of the
present state of politics as unchangeable, creative
innovative possibilities might be lost. Adaptability to
political realities is essential to successful implementation
of any institutional proposal, but mere adaptation makes
no provision for political change that will inevitably occur
in the future. Nor would such adaptation assist the
transformation of politics to a condition more conducive to
transboundary understanding and cooperation. Politics is
an associative "given" in binational custody of the shared
transboundary environment. Politics, in some sense,
being the major obstacle to binational cooperation, a
decision support system for the governments responsible
for the transboundary region must be designed to
influence and transform political opinion and political
behavior. Thus, whereas politics in principle must always
be considered in the design of international cooperative
prospects, arrangements to obtain a more responsible and
enlightened political process should be built into any
proposal seriously intended for realization.
The conclusion to which the foregoing discussion leads
is that the convening of an official binational inquiry into
better means for dealing with common environmental
problems deserves serious consideration by Canada and
the United States. If provision for growth and
development in response to need and consensus is built
into a binational arrangement, the two nations can take
now those steps for which they are prepared; other steps
may follow as induced by events. A View of long-range
possibilities would be desirable, however, so that
arrangements, possible today, will not obstruct innovation
in the future.
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For the ofﬁcial announcement of the strengthening and updating
of Canada's Federal Environmental Assessment and Review Process,
see release, July 11, 1984, Minister, Environment Canada.
Usually there are three scales in any scientific observation:
the
scale
of
the
transmitting
holon,
the
scale
of
the
receiving
holon, and
the scale assumed
by the scientist as
he observes.
The first two scales determine the structure
the scientist models.
The third (human) scale is usually
different from the scale of either of the observed holons.
That
difference
in scale between
the
human
and
that
which
he
models
changes
the
messages
from
those
transmitted by the object of study to those received by
the scientist.
—— T.F.H. Allen and Thomas B. Starr,
Hierarchy: Perspectives for Ecological
Complexity (1982)
  
131
   
 132
  
Introduction of James Grier Miller
Ke
it
h
Bu
le
n
I d
ou
bt
th
at
th
e
ne
xt
ge
nt
le
ma
n
ev
en
ne
ed
s
th
e
bri
ef
in
tr
od
uc
ti
on
th
at
I w
ill
at
te
mp
t
to
be
st
ow
on
hi
m.
Ja
me
s
Gr
ie
r
Mi
ll
er
is
em
in
en
t
in
ma
ny
ﬁe
ld
s
an
d
ar
ea
s
an
d
we
ll
known to most of you.
Hi
s
pr
es
en
t
tit
le
is
Ad
ju
nc
t
Pr
of
es
so
r
of
Ps
yc
hi
at
ry
an
d
Bi
o-
be
ha
vi
or
al
Ps
yc
ho
lo
gy
an
d
Co
mp
ut
er
Sc
ie
nc
e
at
th
e
Un
iv
er
si
ty
of
Ca
li
fo
rn
ia
,
Lo
s
An
ge
le
s.
He
is
a
pi
on
ee
r
of
sy
st
em
s
sc
ie
nc
e
an
d
wa
s
Pr
es
id
en
t
of
th
e
Un
iv
er
si
ty
of
Lo
ui
sv
il
le
.
He
re
ce
iv
ed
an
AB
.
su
mm
a
cu
m
la
ud
e,
A.
M.
, M
.D
.
cu
m
la
ud
e,
an
d P
h.
D.
de
gr
ee
s f
ro
m
Ha
rv
ar
d,
wh
er
e
he
wa
s
al
so
a j
un
io
r f
el
lo
w
of
th
e
So
ci
et
y o
f F
el
lo
ws
.
He
ha
s
se
rv
ed
on
th
e
fa
cu
lt
ie
s a
t
Ha
rv
ar
d
Un
iv
er
si
ty
,
th
e
Un
iv
er
si
ty
of
Ch
ic
ag
o,
th
e U
ni
ve
rs
it
y o
f M
ic
hi
ga
n,
an
d
Jo
hn
s
Ho
pk
in
s
Un
iv
er
si
ty
.
At
Ch
ic
ag
o,
he
or
ig
in
at
ed
th
e
mo
de
rn
us
e
of
th
e
te
rm
"b
eh
av
io
ra
l
sc
ie
nc
e"
an
d
wa
s
ch
ai
rm
an
of
bo
th
th
e
Co
mm
it
te
e
of
Be
ha
vi
or
al
Sc
ie
nc
es
an
d
th
e
De
pa
rt
me
nt
of
Ps
yc
ho
lo
gy
.
At
Mi
ch
ig
an
,
he
fo
un
de
d
an
d
di
re
ct
ed
th
e m
ul
ti
di
sc
ip
li
na
ry
Me
nt
al
He
al
th
Re
se
ar
ch
In
st
it
ut
e.
He
ha
s h
el
d s
ev
er
al
ad
di
ti
on
al
ac
ad
em
ic
an
d
go
ve
rn
me
nt
al
ad
mi
ni
st
ra
ti
ve
po
si
ti
on
s.
He
wa
s
th
e
fo
un
de
r
an
d
ﬁr
st
he
ad
of
ED
UC
OM
,
th
e
in
te
r-
un
iv
er
si
ty
co
mm
un
ic
at
io
ns
co
un
ci
l.
He
al
so
ha
s b
ee
n
a
fe
ll
ow
of
th
e I
nt
er
na
ti
on
al
In
st
it
ut
e f
or
Ap
pl
ie
d S
ys
te
ms
An
al
ys
is
in
Vi
en
na
.
He
ha
s
be
en
a
co
ns
ul
ta
nt
to
ma
ny
na
ti
on
s
an
d
a
la
rg
e
nu
mb
er
of
ou
r
Un
it
ed
St
at
es
go
ve
rn
me
nt
de
pa
rt
me
nt
s.
Th
e
tit
le
of
hi
s p
ap
er
is
"A
Li
vi
ng
Sy
st
em
s
An
al
ys
is
of
th
e
Ca
na
da
/U
ni
te
d
St
at
es
Bo
un
da
ry
Re
gi
on
".
Dr
. M
il
le
r w
il
l m
ak
e
us
e o
ft
he
pe
rs
pe
ct
iv
es
of
fe
re
d b
y
ge
ne
ra
l l
iv
in
g s
ys
te
ms
th
eo
ry
as
on
e
wa
y
of
pr
ov
id
in
g
gu
id
an
ce
an
d
de
vi
si
ng
mo
ni
to
ri
ng
st
ra
te
gi
es
to
se
rv
e
ou
r
tw
o
co
nn
ec
te
d s
oci
eti
es.
No
w,
la
di
es
an
d
ge
nt
le
me
n,
it
is
my
pl
ea
su
re
to
pr
es
en
t
th
e e
mi
ne
nt
Ja
me
s
Grier Miller.
  
Miller
 
A Living Systems Analysis of the
Canada/US. Boundary Region
James Grier Miller
Thank you, Mr. Commissioner.
I really have an impossible problem of describing an
integrative approach and talking about speciﬁc
applications. Although I know, from checking and from
being told by the staff, that most of you have not had an
opportunity to read Living Systems, this presentation
assumes that participants are somewhat familiar with the
preparatory materials concerning general living systems
theory and applications that were sent to them in advance.
In the time allotted, I do not have a chance to present,
first, the strengths of the approach and need for such a
generalist integration in science; and second, for which I
am really more qualified, the shortcomings of the
approach and the need for an improvement over what I
have done so far. However, I shall attempt to apply this
interdisciplinary form of scientiﬁc integration to problems
facing the International Joint Commission, and I am
pleased to be invited to attend and show how this approach
may be helpful.
I believe it is essential for us to recognize that the total
fabric of science is made up primarily of specialists. Most
of you in this room are specialists in one area or another,
as is appropriate. I have been trained as a specialist. But
it is true also that the situation in science today is a vast
overload of information that each of us is trying,
ineffectually as individuals, to integrate for ourselves.
There is also a sort of vast sea of ignorance, an unbridged
sea
, b
etw
een
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dge
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to
the
sec
ond
ses
sio
ns
tom
orr
ow,
wil
l
hav
e
(as
all
sum
mar
ize
rs
of s
uch
con
fer
enc
es
do)
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throughout the day and trying to weave some similarity,
so
me
se
mb
la
nc
e o
f u
nit
y,
int
o s
om
et
hi
ng
wh
ic
h c
an
(in
all
honesty) be only superﬁcially uniﬁed.
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p c
ont
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h
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the
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of k
eep
ing
an
act
ive
med
ica
l l
ice
nse
and
thi
ngs
of
tha
t s
ort
—
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e c
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tly
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p w
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elo
pme
nt
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hno
log
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hes
e
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I d
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ein
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gen
era
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f sc
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a
committee on behavioral sciences, at the University of
Chicago. That committee, representing about 15 different
disciplines, met six hours a week over several years in an
effort to achieve some form of integration.
Then, when we were raising money for an institute of
behavioral science at the University of Chicago, Michigan
cam
e a
lon
g;
and
it w
as
fin
all
y a
gre
ed
by
the
pre
sid
ent
s o
f
the universities that four ofour group should move there
bec
aus
e t
hey
pro
vid
ed
the
ins
tit
ute
and
fun
din
g.
The
re,
over 100 of us representing over 20 disciplines -—
mathematical, engineering, political science, biological
and social science ﬁelds, and one humanist who was also
an engineer — continued this endeavor. So what we're
tal
kin
g a
bou
t i
s no
t t
he
wor
k o
f on
e p
ers
on
but
the
wor
k o
f
several lifetimes of people in a large number ofdisciplines.
Basically, I have taken as a theme (x'ed from our
activities) a quotation from a book some of you may have
seen by a journalist called Dixon, The Official Rules. This
is an amazing book. It has literally thousands of rules and
quotations from people, like Parkinson’s Law, The Peter
Principle, and things from Townsend's Up the
Organization, and quotations of that sort which are
generally known to many. Murphy's Law appears in
several hundred different varieties. A lot of you have
heard of various of these. Then there are other types of
laws and rules. For example, Woody Allen’s Law, which is
"The lion and the lamb shall lie down together, but the
lamb won't get much sleep;" or J. Paul Getty's reminder
that "The meek shall inherit the earth, but not the
mineral rights;" and then Nixon’s Law, which is "If two
wrongs do not make a right, try three."
Now, with that sort of background, I have selected, out
of these hundreds of rules, one which is most signiﬁcant to
me; and that is, simply, "It is fortunate that the good Lord
created the universe exactly divided according to
traditional academic disciplines." Now, there is a
corollary to that, which is, "Every academic specialty
speaks its own jargon, and there is no Rosetta stone." Of
course, I don't believe either of those. However, I do think
it is worth spending serious effort, insight, to develop what
I would call a "specialty of generalists", just as we have a
specialty of general practice in medicine. We must begin
to ﬁnd common frameworks by which we can address
problems like the problem before the International Joint
Commission at the present time, which I consider to be
extremely important, and that is the development of a
transboundary monitoring network.
Now, I'm talking from the point of view of living
systems theory. [Ed. Note: See Figure 6 and Table 8.]
When I do so, I must say, with honest humility, this is just
the best we've been able to do until now; and I hope
somebody will come along with a much better integration.
I hope that we will make cumulative efforts toward
integrating science so that when we come to meetings like
this we will, as a world body of scientists, be able to
recognize some of the relationships among specialties in
explicit ways so that people who do the summarizing at
these conferences do not have the difﬁcult task that Peter
Haug is going to have, and that summarizers generally
have at present.
I've just come back from ﬁve weeks in China and I'm
suffering from culture shock. Being so immersed in the
Chinese culture, I had forgotten there were countries like
Can
ada
and
the
Uni
ted
Sta
tes
.
Whi
le
in
Chi
na,
I w
as
fascinated to find something that I truly didn't expect.
First of all, believe it or not, they're going to translate this
vast book called Living Systems, into Chinese, a most
improbable type of endeavor. Secondly, while we in the
United States have about 20 systems science programs,
the
re
are
ove
r 4
0 o
f t
he
m i
n C
hin
a.
Wh
en
my
wif
e a
nd
I
wrote our lastjoint paper a few months ago on the earth as
a system — or a systems approach to the planet — of the
ﬁrst 100 reprint requests we received, 60 percent of them
were from the Soviet Union and the eastern nations, and
only 40 percent from the United States and all the rest of
the so—called civilized world.
In other words, systems scientists are common, both in
the Soviet Union where systems approaches have become
a dominant factor in policy establishment since the middle
of the Khruschev administration (and that is true also of
other Eastern satellite nations, such as Hungary,
Czechoslovakia, and Poland, where I have visited and
talked to systems scientists in high policy levels) and in
China where I found systems scientists in each of the
provinces I visited and in the central government. These
scientists have major policy formation roles. These
countries are using this type of non-ideological
orientation, which is apparently more or less equally
acceptable to capitalist and communist.
As another example, I also had the good fortune to be
the ﬁrst representative from the United States besides the
director to go to IIASA, the International Institute for
Applied Systems Analysis, on the day it opened in 1973.
The idea was conceived by then President Lyndon Johnson
and his staff. It was later approved and set into operation
by Kissinger and Nixon in the United States; and by
Chairman Kobishiani, the son-in-law of Kosygin, who was
and still is the head of the All-Union Committee of Science
and Technology, in the Soviet Union. I was the head of the
theoretical unit developed in that institute in '73 and '74.
Related to that theoretical unit are seven applied areas,
which take more or less the same sort of theoretical
approach. My book is an example of how one person would
state that theoretical approach. IIASA is applying that
approach in the following areas: energy systems
worldwide; ecological systems and pollution; health
delivery systems; industrial systems, factories, and so on;
habitation systems, ﬁrst urban and later, rural;
educational systems (a weak program); and then man—
machine information processing — computer, satellite,
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the system to each component
7 Converter, the subsystem which changes certain inputs
to the system into forms more useful for the special processes
ol that particular system
o. Pi'uiliicei, the subsystem which forms stable associations
that endure for significant periods among matter-energy
inputs to the system or outputs from its converter, the
materials synthesized being for growth, damage repair, or
replacement of components of the sys in, or for providing
energy for moving or constituting the svstem’s outputs of
products or information markers to its suprasystein,
T .Vlilllt‘Vnt’llt'fgy storage, the subsystem which retains in the
system, for different periods of time, deposns of various sorts
of matter-energy.
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to them information outputs that control the entire system.
18 Encoder, the subsystem which alters the code of
information input to it from other information processing
subsystems, from a “private” code used internally by the
system into a “public” code which can be interpreted by
other systems in its environment
19, Output transducer, the subsystem which puts out markers
bearing information from the system, changing markers
within the system into other matter-energy forms which can
be transmitted over channels in the system’s environment
 
telephone network, and other telecommunications
systems.
Now it's possible, apparently, for communists and
capitalists to get along without ideological debate on
issues of that sort, and that has been true for all the years
that HASA has been in existence. I have not heard of, nor
did I see in my own experience, any ideological arguments
on these approaches, which is very interesting.
Basically, our particular version of general systems
science deals with a special, but very important, class of
concrete systems, each of which exists in space/time; and
there has been an evolutionary development of these
levels. These levels happen to number seven, though
they're not (as one of the comments on my paper
suggested) a mystical thing. Rather, you analyze it:
You start with cells, the lowest level of living systems,
which appeared about 3.5 billion years ago;
Then organs, which appeared about 500 million years
ago and which are made up of cells;
The next level is the organisms, plants and animals,
whi
ch
app
ear
ed
rel
ati
vel
y sh
ort
ly
aft
er o
rga
ns
app
ear
ed;
Then the fourth level when you began to get sexual
dif
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, m
ale
and
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n c
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for
exa
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bya
rch
aeo
log
ist
s.
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r
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zat
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s
we
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obv
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ch
lar
ger
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An
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f c
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es,
be
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lik
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Athens, and Sparta, and, much later, the nation-states,
ancient and modern;
Finally, about 5,000 years ago, some of these formed
into supranational systems — the ancient empires of the
Egyptians, the Babylonians, the Greeks, and the Romans,
and the modern multinational states and world bodies.
So we have seven levels. There has been a good deal of
criticism of those seven levels, and I'm tending now to say
we probably should move into nine. Between the
organization and the society comes the community or the
region. We're talking about a regional network in this
case. This would include provinces in Canada and the
United States perhaps. Then, above the level of the
supranational system, there is the level of the planet — a
mixed living and non-living system. Conceivably at some
time in the future, as a review of my book in Galaxy
Science Fiction suggested (and I must say that was a
pretty good review; at least the author had read the book),
we ought to have the solar system as well.
I considered this proposal a form of humor until last
summer when I was working on the faculty in a group at
the University of California. That group is doing the ﬁrst
planning for the National Aeronautics and Space
Administration (NASA) for the permanent community in
space, which President Reagan has said we are going to
have in 10 years. Some people take very seriously the
possibility of multiple civilizations on different terrestrial
bodies in the future. We just have to wait and see in a few
centuries — if you don't mind waiting — and find out just
what comes of all that.
So there are these levels, biological systems. I have
nev
er
fou
nd
a s
oci
al
sci
ent
ist
wh
o h
as
tol
d m
e t
hat
the
soc
ial
sys
tem
s
cam
e
fro
m
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whe
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ept
bio
log
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l
sys
tem
s,
alt
hou
gh
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a l
ot
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soc
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sys
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s t
hat
soc
ial
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ist
s d
o n
ot
lik
e t
o h
ave
ana
lyz
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in
way
s
com
par
abl
e t
o bi
olo
gic
al
sys
tem
s.
Ou
r a
rgu
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t s
imp
ly
is
tha
t a
t e
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y p
oin
t i
n a
sys
tem
's
evo
lut
ion
, w
ith
eve
ry
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mi
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ch
an
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y
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ti
on
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y
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sy
st
em
s,
th
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an
d
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t
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If
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t c
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't
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the larger-scale social systems.
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They are, as it were, pirates in an environment. They
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fro
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entropy; bring these in; maintain their organizations;
repair the tendencies toward disorganization within the
system; and put out waste products, which then tend to
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down, perhaps through several echelons of deciders, to a
ﬁnal single decision on a particular matter.
Then the ﬁnal step in the process of deciding is the
output ofa command signal, an implementation request—
whatever you want to call it —— to the subsystems, to keep
them within a steady state by negative cybernetic
feedback processes. Or, if you wish to inﬂuence other
systems, then you encode information back into a public
language, which is different from the private language
used within the system. This is very similar to the way
you use private languages inside computers, but they have
the final output, like the input, inEnglish. Then the
information goes to other systems in order to maintain
balance.
Now with this picture in mind, what do we suggest
about the boundary between Canada and the United
States and the way you can handle the situation most
effectively. History makes clear what military, political,
and economic factors interacted over the last three
centuries to determine precisely what is the Canada/US.
boundary today. Some geographical features which relate
to the ecosystem had an inﬂuence in the ﬁnal
determination, such as rivers, lakes, and highlands, but
the present boundary certainly does not coincide in any
exact way with ecological boundaries. Decisionmakers on
each side act, in many cases, without taking
environmental issues into account. The IJC was created to
bring an international perspective to such decisions. The
current situation is far from unique. Boundaries of
national and ecological systems rarely coincide.
At lower levels of systems below the group, we deal
only with matter-energy and information flows, but it is
important to recognize that international boundaries also
process matter-energy and information. At the higher
levels, we usually deal with just those three flows, too; but
it is sometimes convenient to distinguish ﬁve kinds of
cross—boundary flows: matter, energy, personnel (as well
as animals and plants), communication information, and
money or money equivalents. Each must be considered in
making international policy.
Let me elaborate: matter includes equipment, etc., and
materials of all sorts needed within the system; energy
includes solar energy, water energy, heat energy, electric
energy, whatever it may be, coming into and flowing
through the system. Personnel is the third category of
flows, or transmissions, that you're concerned with. This
is a combination of matter-energy and information flows,
because people must be moved around. This is a matter-
energy engineering problem; but people bring information
with them as well; and so it is really a combination.
The fourth category is information flow of the
communications variety, either person-person, or human
system-human system, or human system-machine
communication; and in some cases, machine-machine
communication. Then finally you have the monetary
information flows. Many economists disagree with me;
but some, including Leontieff (the Nobel laureate) and
others, agree with me. The monetary flows, monetary
equivalents, are only a special class of information flows.
They have certain characteristics related to dependability
of the issuing of that type of information, to the tradition
of the government, the tradition of the banks, the faith
and trust that they have developed, and so on. But from
the point of view of monitoring, they can be monitored.
Now, fragmentary analyses are common in the study of
boundary functions; and they lead to inefficiencies and
pathologies. Examples of such malfunctions can be
provided, together with suggestions as to how to deal with
them. Often a holistic analysis will be cheaper and far
more complete, accurate, and efficient if it represents an
integrated approach, rather than many partial analyses
under different sorts of control by different agencies and
individual persons.
 
[F]ragmentary analyses lead to inefficiencies and
pathologies... Often a holistic analysis will be
cheaper and far more complete, accurate, and
efficient if it represents an integrated approach....
However, you probably couldn't establish a holistic
transboundary monitoring network without a treaty. You
already have a pretty peaceful relationship, and this is a
place where supranational boundaries can be studied.
What you are talking about, and I don't think you should
be confused about it, is a creation of a supranational
system. You already have a network transmitting
information between Canada and the United States with
all sorts of integrated ﬂows between the countries. These
integrated flows include a vast amount of military
information, police and emergency information,
meteorological information, news, economics,
entertainment, athletics, mail, telephone, telex,
telegraph, computer data, and other kinds of information
in an information-processing network. Why not ecological
information as well?
The intimacy of the sharing between the two nations is
perhaps best indicated by the fact that we share the same
telephone area code system. We don't put a separate
number in at the beginning (as you do for every other
country in the world) in order for Canadians to call people
in the United States and vice versa. We also have three-
star Canadian generals in charge of the air-raid warning
system and the command decisions system for North
America with, on many occasions, full responsibility for
this most crucial aspect of the welfare of the United States.
The
reverse is also true; and, if we
have that degree of
intimacy
of
information,
then
why
not
ecological
information
processing
as
well?
It
is
only
in
that
framework, one of intimate sharing, that it seems that it
can be done.
Monitoring
electronic
and
human
networks
that
process
information
about
states
of the
boundary
region
can assist the Commission.
A
conceptual system as to how
this can be done must deal with certain of the 19 critical
subsystems
more
than
others.
These
include:
(a) the
boundary
itself; (b) the internal transducer, which does
the
monitoring
of numerous
variables
in all parts of the
system;
(c) the
channel
and
net,
which
transmits
the
information;
[Ed.
Note:
See
Figure
7.] (d) the
decider,
political ofﬁcials with
decision responsibility; and
(e) the
motor
or
other
subsystems
which
implement
the
decisions.
Living systems analyses have been made of a number
of complex
systems.
These
include
army
battalions,
corporations, hospitals, and possible space habitats. It is
entirely
feasible
to
make
such
an
analysis
of
the
Canada/United States boundary region using a
monitoring network which crosses the boundary.
What would I recommend to be done? Speciﬁcally, I
think a three-year study could be done. First of all, you
determine the boundary of the boundary region, and that's
not going to be easy.
Ultimately it's going to be the
external boundaries of both nations, the entire of both
nations; but perhaps as a beginning step, you take a
regional boundary of so many miles north and south of the
border. Then you make a three-dimensional map of the
region, identifying, with living systems symbols, the
various subsystems I have very brieﬂy referred to. This
serves to locate each of the 19 life processes, the subsystem
processes, that we think are common to all levels of living
systems. Then you identify the primary flows within the
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LEVEL
Cell
Organ
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Group
Organization
Society
System
Channel and Net
Subsystem
 
THE 19 CRITICAL SUBSVSTEMS
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31 l Reoroducer
______._—__——
3 1 2 Boundary
    
Subsystems Which Process Subsystems Which Process
Matter-Energy Information
321, lngestor 331 input Transducer
332 internal Transducer
3 2.2 Distributor 3.3.3 Channel and Net
323 Converter 3,3.4 Decoder
32 4 Producer 33.5 Assouator
325 Matter Energy 33 6 Memory
Storage
3 3 7 Decrder
3 38 Encoder
3 2 6 Extruder
33 9 Output Transducer
32 7 Motor
328 Supporter
  
Figure 7
 
VARIABLES
All Levels
(Channel and Net Subsystem)
Meaning of inlormation channeled
to various parts oi the system
Sorts ol Information channeled to
various parts of the system
Percentage of information arrivmg
at the appropriate receiver in
the channel and net
Threshold ol the channel and net
Changes in channel and net pro-
cessing over time
Changes in channel and net pro-
cessing with diflerent cncum
stances
lnlorrnation capacny ol the channel
and n
Distortion of the ctiannel and net
Signal to-noise ratio In the channel
and net
Rate of processrng of information
over the channel and net
Lag in channel and net processmg
Costs oi channel and net processrng
 
INDICATORS
Organism Level
(Channel and Net Subsystem. Neural Components)
\Measure of the change of the Signals transmitted
over a neural tract on the processes of the
organism
Frequency range or source of information of trans-
ducer which inputs Signal into a neural tract
Percentage ol total number of bits input to a neural
tract that are output irom it in a specific period
intensity of output lrorn another information pro-
cessing subsystem required to input a Signal over
a neural tract
Differences in meaning, sort, rate, distortion or
other aspects of Signal transmitted over a neural
tract between one time and another
Differences in meaning, sort, rate, distortion, or
other aspects of Signal transmitted over a neural
tract between one time when one or more in
dependent variables have one value or set of
values and another time when that value or set
oi values IS different
Maxmium number of bits per second that can be
transmitted over a neural tract
Amount of alteration in the wave-form or re-
lationships between various frequency com
ponents of a Signal transmitted over a neural
tract
The ratio in oeCibels between the amplitude of the
signal and the background nurse in a neural tract
Number of bits of information transmitted over a
neural tract In a speCific second
Number of seconds between input and output of a
Signal over a neural tract
Amount of matter-energy expended in a speCihc
transmission of information over a particular
neural tract
   
 region, that is, the important types of matter, energy,
personnel, communication information, and money or
money equivalents. Next, set up sensors (either
automated or human sensors) in strategic locations
throughout the region to measure continually the
important variables of these ﬂows.
Now here is where the conceptual system becomes most
useful: identifying the subsystems and the variables of
those subsystems which are worth putting sensors on.
Once you have such sensors operating over time and
giving a time series of data points on each of these
variables, you then have the beginning of a management
information system. That's just another name for what we
are building here, although most people who build
management information systems do not regard them as
sensors on the subsystem variables of living systems.
Then you identify inefﬁciencies and pathologies in the
region from the data collection procedure which I have just
mentioned. I don't have time to go into how this can be
done, but it is being done in other types of studies of large—
scale organizations at the present time.
 
[T]he conceptual system becomes most useful [in]
identifying the subsystems and the variables of those
subsystems which are worth putting sensors on.
Then, ﬁnally, suggest steps which can be taken to
remedy these inefficiencies in ﬂows; and ﬁnd to what
extent the existence of the boundary between the nations
is hampering the most effective utilization of resources.
These recommendations go to the policy makers; and the
policy makers, or the joint commissioners, and the
governments ultimately in the end make the ﬁnal
decision.
Such monetary or internal transducing networks need
not worry conscientious decisionmakers. The networks
can report the state of the system as it changes over time,
but still leave the decisions on necessary action to the
constituted decisionmakers. Networks unite a system.
Properly designed, they do not fragment. They can clarify
and simplify the tasks of decisionmakers and so improve
decisions about the boundary system management.
Now these approaches are being used at the present
time (or have been used in the recent past) in studies of
large—scale systems, such as battalions in the United
States Army, hospitals, certain other government
agencies, and universities. In addition, there's a plan now
to study this new space community being developed for
some extraterrestrial location by this particular method.
To summarize, then, I suggest that the following
procedure could be carried out:
(1) Determine the boundary of the boundary region.
(2) Make a three—dimensional map of the region
identifying with living systems symbols (which are
used in such studies) the locations of each of the 19
subsystems.
(3) Identify the primary flows within the region of the
important types of matter, energy, personnel,
communication information, and money or money
equivalents.
(4) Set up sensors in strategic locations throughout the
region to measure continually important variables
of these flows.
(5) Identify inefﬁciencies and pathologies in the region
from the data collected, as above.
(6) Suggest steps which can be taken to remedy these
inefficiencies and flows.
Such a system could be designed ready for implementation
in a three-year study.
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Enough has been done to demonstrate that you can,
indeed, use this quantitative method for getting a clear
idea of the continual processing of the major life activities
in large-scale systems, along with suggestions as to what
pathologies need correction and how they can be corrected.
I call to your attention the possibility this may practically
be done and suggest you give it critical consideration.
Despite the utility of certain levels and the explanatory power that
can accrue from an approach that models with discrete levels,
sometimes it may be necessary to take account of hierarchical
continuity. On these occasions it becomes necessary to invoke a
continuously varying function that can describe the continuum of
levels and their interactions. That function is called scale....
The larger stems of a hierarchical tree could be said to constrain the
finer stems below. A more robust model, however, is one of an n-
dimensional hierarchical reticulum in which several superior holons
will simultaneously and to different degrees exert constraint over a
lower holon. There is, then, the potential for a lateral continuum in
our conception of hierarchy as well as the vertical continuum...
— T.F.H. Allen and Thomas B. Starr, Hierarchy: Perspectives for
Ecological Complexity (1982)
We quite generally recognize that biological systems exhibit
hierarchical organization. The familiar organizational spectrum from
individual organisms through populations to communities is one such
example of hierarchy that is commonly used in text books. The
notion of hierarchy doubtless seems natural to us because human
social structures are unfailingly organized in that way.
The idea of emergent properties follows readily from the notion of
hierarchy. It is clear that additional structural and functional
properties become evident as we traverse an organizational hierarchy
through levels of increasing complexity. Some properties emerge in
obvious ways: thus, an individual cannot ordinarily be said to have a
mortality rate, but its population can.... The property of being alive is
perhaps one of the most difficult [tounderstand of the properties we
call "emergent"]. A cadaver can usually be distinguished from a
living organism without much difficulty, but theprecise distinctions,
nevertheless, pose serious problems in some contexts, as with the
complex ethical problems associated with human organ transplants.
In the latter instance, I believe that the difficulties do not so much
arise from our limited understanding of the organic processes that
are necessary to sustain life, but rather because we lack unequivocal
criteria for agreeing when life can be said to occur.
There are many kinds of emergent properties that occur, or that we
suppose to occur, in ecological systems; properties such as diversity,
stability, trophic level, and the like... Notice that these terms tend
to bring various difficulties to mind. I suggest that a major part of the
difficulties we associate with these terms lies primarily in the
problems we experience in observing and defining these as
unequivocal emergent properties, in the sense of closed, single-
valued transformations, or their stochastic equivalents.
[Tlhere are but two different ways of analyzing systems: the
"internal' method, and the "external" method. Granted the
hierarchical structure of ecological systems, these of course differ in
operational terms only, but the distinction is, nevertheless, crucial.
Essentially, the variables that we observe can be chosen either as
emergent system variables, or as suites of internal variables.
The distinction becomes important when we recognize that "real"
objects of any kind possess an unlimited number of variables that are
potential candidates for observation: the problem is, therefore, one
of selection. Faced with an unlimited number of variables, together
with a corresponding number of possible interactions among these,
the problem of adequate system description is clearly intractable
unless the representation or model of the system can be formulated
so as to encompass some appropriate subset of possible system
behaviors. It is my contention that appropriate selection of variables
is quite unlikely unless a satisfactory description of the system is first
derived in terms of its emergent system properties. That is, successful
internal analysis of a system is necessarily preceded by observation
and theory at the external level of analysis.
—— S.R. Kerr, "Ecological Analysis and the Fry Paradigm" in
Journal of the Fisheries Research Board of Canada (February
1976)
 It is possible to map the positions of a pair of holons from
observations of each.
Then
a series of reasonable
expectations may be calculated for the interholon
relationship. Because the human perceptual scale is in all
likelihood different from the scale of both holons, the
calculated relationship contains a human
component
which
is
absent
from
the
observer—independent
relationship.
— T.F.H. Allen and Thomas B. Starr,
Hierarchy: Perspectives for Ecological
Complexity (1982)
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Introduction of Michael L. Rodemeyer
Keith Bulen As you look around here and note the program, you will see we have a rather wide
underpinning of representation. It really will do very little good for the scientists to discuss this
amongst themselves alone, or the politicians, or the technocrats, or bureaucrats, or academia, if
we don't, in fact, have a broad base of constituency, one that is able to expedite and execute. Even
if we should, by a fantastic reach of imagination, arrive at consensus on some things, we still
have to bring them to pass. So I hope you will notice that we have a broad representation and
that we aren't alone in considerations of monitoring. Many of you have been in the fore of this
before.
As part of that broad base, we're privileged to have with us the counsel for the Subcommittee
for Natural Resources, Agriculture Research and Environment of the Committee on Science and
Technology from the United States House of Representatives. His name is Michael L.
Rodemeyer. Prior to this time, Mike was with the Federal Trade Commission. He was graduated
with honors from the Harvard Law School, and prior to that was educated at Princeton in a
combined degree involving majors of architecture, politics, and sociology — which seems an
interesting triumvirate.
His paper is "The Need for More Systematic Monitoring". We hope he will present examples
of the United States Congressional concerns with regard to monitoring in the United States, and
will discuss pending legislation in the United States House of Representatives that may help
remedy some of these concerns. He will also describe how the international component of
monitoring has been taken into account in current proposed legislation. We have a very valuable
resource in people like Michael Rodemeyer, who are able to serve our best thoughts and
consensuses and ideas by making something happen with them. They provide needed contact
with government and with the legislation we all know is necessary if we're to move forward.
Michael Rodemeyer.
The Need for More Systematic Monitoring
Michael L. Rodemeyer
I was concerned that moving from a discussion of living
systems to legislation and law might be a little difﬁcult,
but in fact there might be more commonality there than I
originally thought. Listening to Dr. Miller, I recalled back
to my law school days. Black's legal dictionary defines life
as the sum of all those forces that resist death. I think
there is some commonality there, after all.
It is a pleasure to be here with you today and to be part
of this very important workshop on a transboundary
environmental monitoring network. As is often the case
when I seem to be addressing groups on issues of
environmental monitoring, I ﬁnd myself talking to a
group that, probably from the very fact of your being here,
suggests that you are already aware that there's a problem
with environmental monitoring. So it's a little bit like
preaching to the converted. I am more concerned about
your colleagues that aren't here today to be part of this
workshop.
In the late 1960's and early 1970's, scientists became
alarmed at data which indicated that phosphorous
pollution in Lake Michigan might be stimulating
undesirable algal growth and pollution. Analysis of water
samples taken from Lake Michigan from 1926 to 1962
seemed to indicate a dramatic decline in silica content.
Researchers suspected that the phosphorous pollution
from detergents and fertilizers were causing diatoms to
use up silica faster than they normally would. The fear
was that as the water's silica content declined, diatoms
would also decline, and undesirable blue-green algae
would eventually dominate Lake Michigan's algal
population. You're probably more familar with this than I
am. This was a widely accepted hypothesis.
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of
Technology Assessment also issued a critical report.
Given the extensive attention already paid to this
problem and the nearly total lack of progress in improving
the system, Congressman James H. Scheuer from New
York, who is the chairman of the House Science and
Technology Subcommittee on Natural Resources,
Agriculture Research and Environment, held hearings in
1983 and 1984 for the purpose of exploring a legislative
solution to the impasse. On the basis of those hearings,
Chairman Scheuer introduced the Environmental
Monitoring Improvement Act of 1984, which is HR. 5958.
A copy of the legislation was included in the background
kit [and may be found in Appendix B of this proceedings],
along with some of the statements of testimony given at
those most recent hearings.
When introducing the bill, Chairman Scheuer noted:
"The major obstacle to signiﬁcant progress is institutional.
With environmental responsibilities spread out across a
host of Federal, State, regional and local authorities, each
with limited resources, it isn't surprising that each agency
has focused on its own immediate needs without regard to
the overall needs of a coordinated data collection
program."
To address this problem, the bill would establish a
temporary National Environmental Monitoring
Commission, which would attempt to transcend the
parochial interests of any one agency. The Environmental
Monitoring Commission would study existing monitoring
programs and attempt to forge a consensus on the type and
quality of data to be collected in a rational, national data
collection program.
The commission would be composed of 15 members
drawn from various user groups, as well as collecting
groups, including the major federal environmental
regulatory agency heads, and representatives of states,
localities, academia, industry, and environmental groups,
to be chosen by the President from a list to be submitted by
the National Academy of Sciences. At the end of its term,
the commission, in a report to Congress on its ﬁndings,
would make recommendations about what a rational
environmental monitoring system would look like, and
propose an implementation plan for making changes in
the system for putting that into effect. This, of course,
would include specific recommendations for any
legislative changes that might be necessary to institute a
coordinated and effective national monitoring program.
The bill also requires the EPA to submit to the
President's Council on Environmental Quality an annual
report which would contain environmental monitoring
data and, in the future, a section discussing the extent to
which the commission's recommendations have been
instituted. This report would be used by the CEQ in the
preparation ofits annual report. It would also help ——- and
I think this is an important function — to make
monitoring data more accessible to the public and to
Congress, and would help the public and Congress decide
whether progress is being made in this area.
 
As our understanding of the environment grows, it’s
becoming inescapably obvious that pollution knows
no political boundaries. If solutions are to come, they
must be as boundary-free as the target of our efforts.
Signiﬁcantly, the bill also recognizes — and I think
this is probably the ﬁrst legislation which has done this —
the importance of US. participation in global
environmental monitoring. One of the tasks of the
commission would also be to examine the US. role in
international monitoring programs and to come up with
recommendations to improve and enhance U.S.
participation. The findings of the bill clearly set out the
importance of global monitoring for anticipating
environmental trends and for anticipating future
problems. The bill also recognizes the need for enhanced
United States participation in international programs.
The annual monitoring report is required to include an
inventory of the international monitoring programs which
the U.S. would participate in and an evaluation of
international ambient monitoring programs.
 
[Y]ou have to have a sense of hypotheses about which
problems are the most important, because it would
be impossible to monitor every conceivable thing
that might be of interest. The hardest thing will be
picking priorities.
I should say here that, instead of waiting for this report
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be reintroduced next session. There are a number of
factors, though, that I think will be likely to affect the fate
of legislation along these lines. First, is the not-too—
unexpected opposition of the administration and of the
agencies. At the hearings last March, the major U.S.
agencies doing the bulk of environmental monitoring
testiﬁed in opposition to the bill, primarily on the grounds
that perceived deficiencies in their monitoring programs
were already being taken care of and that programs were
under way to solve those problems.
In response to that, after 10 years of hearing similar
kinds of claims, it's fair to say that Chairman Scheuer
found that refrain both familiar and relatively
unconvincing. Even in the unlikely event that the federal
agencies could begin to coordinate effectively, a federal
effort would still leave out the bulk of the monitoring,
which is done by state, regional, and local officials, not to
mention private industries. A somewhat more compelling
argument raised by the agencies was that they would be
forced to wait to improve their programs until the
commission had a chance to issue findings on its own.
A second argument in opposition is that setting up a
commission costs money. HR. 5958 authorized $15
million over the three—year life of the commission, which I
think is rather a bargain, considering what you would get.
But frankly, in these times of budget austerity, any bill
with a price tag is going to raise some opposition. Third,
environmental monitoring remains the "sleeper" issue of
environmental politics. Aside from the frustrated
professionals who have to deal with the realities of
inadequate data, there is really no political constituency
to stand up and demand that Congress do something about
the perilous state of environmental monitoring. Other
issues will continue to grab headlines and the attention of
environmental lobbyists.
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Despite these factors, which are considerable, I remain
optimistic that some form of legislation will come out of
the next Congress dealing with the environmental
monitoring issue. I say this for the reason that we can
simply no longer afford to ignore the deﬁciencies in the
monitoring data. We just cannot afford environmental
crises that arise from belated discoveries of polluted
ground water or toxics in the air. We can no longer afford
to throw billions of dollars at pollution control
technologies which are aimed at hypothetical villains. We
can no longer afford to indulge our ignorance of transport
routes and exposure rates.
I need not really recite these horror stories. I think you
know them as well as I do. Our perception on the
subcommittee is that the need for monitoring is not only
national; it is clearly international. As our understanding
of the environment grows, it's becoming inescapably
obvious that pollution knows no political boundaries. If
solutions are to come, they must be as boundary-free as
the target of our efforts.
I had hoped to be with you later this afternoon, but
Congress, unfortunately, has not quite ﬁnished its
business; and I'm going to have to be going back later this
afternoon. If there are any questions, I'd like to answer
some of those now. Does anyone have any questions about
the legislation or the other issues that the Congress has
been dealing with in this area? Yes.
[lnaudible question]
Michael Rodemeyer To me, the issue is not at this point,
what is the state of environmental data. The hard work,
the work that you all will engage in, particularly
tomorrow, will be defining what data we need to be
collecting. Then, secondly, how do we go about collecting
this? Behind that you have to have a sense of hypotheses
about which problems are the most important, because it
would be impossible to monitor every conceivable thing
that might be of interest. The hardest thing will be
picking priorities. The problems in the boundary area are
fairly typical of the kinds of problems that we've seen
across our nation and in other parts of the world, and the
challenge will be to say: "Of all the problems we have,
what are the most important ones that we should monitor,
and how do we go about doingthis?" Let's get some
agreement on both the data that we should be collecting
and then the standards by which those data ought to be
collected, so that we have something uniform and
consistent, and something that's high quality.
Kenneth Watt What with listening to all these talks
today including yours, it occurred to me that a very useful
gambit to galvanize and mobilize all this activity would be
the publication of an annual volume that would be the
analog of the Statistical Abstract of the United States, but
which would be something like a statistical abstract of the
boundary area. Do you think there would be any
possibility of whipping up enthusiasm in Congress for
such an activity?
Michael Rodemeyer I think that‘s possible. As I said,
we're not wedded to this particular solution. Indeed, the
concept we had in the bill of having data actually sent by
EPA to CEQ for CEQ to publish in its annual report was
similar to this idea of having an annual statistical
compilation of this kind of data. I think something like
that for the boundary region sounds like it could be a very
useful idea. It makes a good deal of sense. I'm not sure
what Congress would need to do to help galvanize that, but
I think there would be interest. I know there is a lot of
interest in trying to get better data, particularly on the
international level about ambient trends, about baseline
— all that information that we're being told is being piled
up in government storehouses that we don't get to see.
 
Leonard Dworsky It strikes me that in your testimony,
you might want to have a couple of sentences suggesting
that the State Department become more active earlier in
cooperating with Canada to develop a regional monitoring
program along the boundary. It is helpful to the State
Department to receive this kind of advisory comment and
expression of interest.
Michael Rodemeyer That's a good suggestion. I'll take
that back with me. Thank you very much.
Keith Bulen Thank you, Mike. I'm not sure that you
didn't raise a couple red flags out there, but that's
perfectly all right. The object is that we don't all say what
is perfectly comfortable and acceptable and charming. But
I do want you to hear what I'm going to say. I remember
the number two man in the EPA once told me that there
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lly
was
n't
mu
ch
dif
fer
enc
e b
etw
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the
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alo
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the boundary and the Great Lakes and elsewhere in the
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We'
ll
undoubtedly have the opportunity to talk more about it.
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(May 3, 1985)
[Slcience and industry have honed their technical skills to the point
where they can create chemicals to deal with virtually every possible
human and physical condition — from body odor to the spruce
budworm. But the same technical skills have yet to be applied to
asSessing the unintended impact of those chemicals on human health
and the natural environment. Science can now identify and measure
substances in water or in the air that are so small that, if expressed in
terms of time instead of weight, they would be equivalent to one
second in 313,000 centuries. And yet there is no such capacity totell
us, in many instances, what toxic substances will do to us in the long
term.
— Canadian Minister of the Environment Tom McMillan
(January 20, 1986)
We speak of "potentially harmful" organisms without knowing what
we mean by "harmful" —— harmful to what? in what way? to what
degree? We need to quantify and qualify "harmful" or run the risk
of having either volumes of unnecessary legislation, or uninformed
legislation increasing the risk of serious genetic and ecological
accidents.
It is not clear where to start, how to proceed or what experiments to
perform in order to assess "potentially harmful”. individuals and
small, focused groups know how they would proceed, but the
problem is much larger than can be solved by that scale of effort.
Releasing GEMs [Genetically Engineered Microorganisms] into the
environment raises so many questions in distantly related sciences
(molecular genetics, population biology, landscape ecology) that only
a multidisciplinary approach has a chance of resolving the scale of
consequences involved.
— Patrick W. Flanagan, "Genetically Engineered Organisms and
Ecology” in Bulletin of the Ecological Society of America, Vol.
67, No. 1 (March 1986)
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Introduction of E. Richmond Olson
Keith Bulen On the program, my reticent and dear friend from Canada, my counterpart and the
co—chairman of this workshop, Richmond Olson, is saying, now, "We're behind time," and "I
really don't have all that much to say," and what have you. But that, indeed, is not the Richmond
Olson I know. He always has something very incisive to say and something very constructive to
say and always pays a great deal of attention; and as we enjoy the gambit here of total discussion
of values and beliefs and perceptions, no one can tell me that this isn't his ball of wax, so I'm
going to go ahead and introduce him anyhow, and then we'll take a break.
Rich and I have had some interesting and productive assignments together. As I mentioned
earlier in the day, we’ve kind of operated on the Commission in a two-commissioner mode. That
gives us the opportunity to spend more time together, more understanding, and more depth on
some of the references that have come our way. In this process we occasionally take a leap of
faith, and Richmond and I have taken a couple togetherand managed to land on our feet with
some success, notably in the Skagit-High Ross affair [Ed. Note. See boxes on pp. 155 and 156.]
which culminated in successful conclusion and in a treaty ——- quite unprecedented really — and
which the national governments of Canada and the United States underwrote (that agreement
that we helped negotiate) after some 42 years. So, we would be proud of that, and I suppose to
some extent that gives us the hope and expectations to proceed into an even larger mine ﬁeld.
Richmond was appointed to the Canadian section of the International Joint Commission back
in August of '81. He's a lawyer and a social thinker whose particular interests are centered on
issues of law and society, and more recently on the role of community in social justice. After a
career in the Department of Justice in the government of Canada, from which he resigned in
1976 after serving as General Counsel, he established the Waverly Institute for the Study of
General Theory. He has participated in the work of the Canadian Bar Association, the Laws
Society of NWTA (which I assume is the Northwest Territory), the Canadian Association for the
Club of Rome, the Vanier Institute of the Family, Consumers Association of Canada,
International Council of Social Welfare, the Canadian Institute for the Administration of
Justice, ad infinitum.
 
 98TH CONGRESS TREATY Doc.
2d Session SENATE 98—26
 
TREATY WITH CANADA RELATING TO THE SKAGIT
RIVER AND ROSS LAKE IN THE STATE OF WASH-
INGTON, AND THE SEVEN MILE RESERVOIR ON
THE PEND D'OREILLE RIVER IN THE PROVINCE OF LETTER OF TRANSMITTAL
BRITISH COLUMBIA
THE WHITE HOUSE, June 11, 1984.
To the Senate of the United States:
With a view to receiving the advice and consent of the Senate to
    
M E S S A G E ratiﬁcation, I transmit herewith a Treaty between the United
States of America and Canada relating to the Skagit River and
FROM Ross Lake in the State of Washington, and the Seven Mile Reser‘
voir and the Pend d’Oreille River in the Province of British Columv
THE ST bia, together with a report of the Department of State.
The primary purpose of this Treaty is to provide the necessary
legal bases for an arrangement under which the City of Seattle,
TRANSMm‘NG Washington will refrain from raising the Ross Dam on the Skagit
River, thus avoiding additional flooding of the Skagit Valley in the
A,:7§¢5¥,,$§T33§§1,T;§gm}: Sgﬁi’fiﬁﬁfﬁﬁﬁmﬁﬁtﬂ: Canadian province of British coininbia, and will reeeive in return ‘55
WASHINGTON. AND THE SEVEN MILE RESERVOIR ON THE PEND a guaranteed long-tﬁarm supply 0f BleCtTiCal Power from BrltISh CO‘
D'OREILLE RIVER [N THE pROVINCE OF BRITISH COLUMBIA_ lumbia. Through this arrangement a longstanding dispute between
SIGNED AT WASHINGTON ON APRIL 2,1984 Seattle and British Columbia over the construction of the High
Ross Dam has been constructively and ingeniously settled, and a
difﬁcult and potentially divisive bilateral problem between the
United States and Canada positively resolved. The British Colum-
bia-Seattle Agreement and the United States-Canada Treaty that
provides the necessary legal bases for the Agreement represent
both a signiﬁcant substantive achievement in terms of power provi-
sion and environmental conservation, and a model for the orderly
and amicable settlement of international issues.
I recommend that the Senate give early and favorable consider-
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Where there's a cause and where
there's a group of great thinkers and
people involved in the future, and who
wish to discuss it and have it discussed,
Richmond Olson is there; and I'm glad
that he's been with, and is with, the IJC.
He's been a great asset in the
broadening of my thinking and actions.
The reason he and I make such a good
team, I should say, is that he has all the
ideas and does all the thinking and I do
all the work; so we just see it as natural
team up.
Brother Olson has done many
writings, most of which are not
necessarily available since they were
produced when he was counsel to the
government. The ones that are — he
has authored an occasional paper — are
available on request from the Waverly
Institute. Richmond, as co-chairman of
this workshop and our friend, would you
please come forth and make some
observations and remarks at this point?
Then we'll take a break.
Comment by Workshop Co-Chairman
E.
R
i
c
h
m
o
n
d
O
l
s
o
n
3
Thank you Keith. You are very kind. *9
Giving place to a US. Congressman is an honor, second g
fiddle to a coffee break is all right too. So, if any of you feel ’
like going off for your coffee, you won't offend me.
However, I won't take too long.
You've heard about paradigms. I like the digging and
the para, rather than the "sparing of the dime".
Frameworks about thought are always interesting; and,
when you hear someone whose job it is to investigate
values, it's therefore of special interest to discover the
values inherent in the methodology of that work. But I'm
not here to analyze the remarks of the previous speaker,
but to comment generally. The comments that I wish to ‘57
make are not necessarily related to what I heard this
morning, but also include what I have read in the last
three weeks or so in the stimulating papers contributed
and distributed. Hence, what I say is not necessarily
directed to the participants of this morning.
  
My paradigm, my framework for discussion, is
Bassanio and Portia, Marie Antoinette, William of Occam,
Eleanor of Aquitaine, and Aesculapius. Now that is my
framework; and what I will say, my comments, will fit
under those headings for better or worse. Then I will make
some other comments, which I don't particularly allocate
under any of these headings. You can have fun trying to
allocate them yourselves.
   
Bassanio, of course, argued that you should doa great
good, even if thereby you do a little wrong. Portia had
Olson quite a different view of the matter, which is tosay,
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I think, that you cannot approach the notion of trans-
boundary monitoring networks without careful attention
to the notions of fairness and equity.
If you follow Bassanio, you have the argument of any
tyrant: that you must commit yourself to his care in order
to be saved from the danger that he, himself, creates. That
may
be a way
to characterize general
living systems
theory. I hadn't realized that the proponent was a
psychiatrist;
but
I rather
think
that
he'd
urge
the
Bassanio position, a therapeutic approach that I'll talk
about later. I'm not sure but that he may already be
treating me.
[We] haven’t talked about the science of the sciences
being utilized.
On the other hand, what Portia did has more appeal to
me because it ended up as a form of "Operation Stop", a
position that I think has a good deal of merit in this
context. Until some of the scientiﬁc disciplines involved
start doing some basic homework, I wish they would
simply stop. I think there is too much that is uncertain,
unclear, and very problematic: It is much too soon to move
from the theory to an applied state.
There is simply too
much basic science that has to be done. Anyway, so much
for Bassanio and Portia.
Now, Marie Antoinette. When Keith and I talked
about this issue four years ago, we were looking very much
for some bread. What we now seem to be getting is a very
large fancy cake, and I'm not at all sure but that it's a bit
too rich for our diet. The rather elaborate presentations in
the totality of the papers are a bit more than, I think, we
simple fellows who are used to bread, can cope with. I
rather suspect that the decisionmakers in our countries,
the citizens and their elected representatives, are bread-
eaters,
too.
Ultimately,
decisions
in
the
area
of the
environment are the decisions each of us makes in our own
lives. How we work and what we do are products of what
we understand.
This
leads me
to say
that if you
do
deduce,
from your
general View of the world, a principle of toxicity, the denial
of
a
certain
substance
(too
little
of
bread)
often
is
deprivation.
There may be a median amount needed for
nourishment, but too much of it may be toxic.
You
could
apply
that, I suppose,
to wealth.
In theory,
too much
money is toxic.
It would be interesting, then, to monitor
money
and
wealth
as
an
indicator
of social
well-being.
Strange, but it does follow.
Another
difﬁculty
with
cake as
a
toxic
is
that,
for
better or for worse (and perhaps Dr. Miller would talk
about this in the workshop), public decisions really are
very much
emotive:
They
drawon
sensing, feeling, and
intuiting.
The degree to which the reptilian brain governs
public decisions is great.
The neocortical system, which
gives us our thinking capacity, is there, but it is ill-
developed and plays
very little role in public discourse.
Are
we
rational,
when
we
say
for example,
that someone
who is 18 is mature enough to vote (particularly when 18-
year-olds represent a very substantial majority), and yet
he or she is not mature enough to decide which particular
drug they are going to use, alcohol, marijuana, or tobacco?
So we do not ordinarily make public decisions on the kind
of rationality that implementation of what we have heard
today would require. It just doesn't work that way. I think
we
all know that.
We
don't decide things in that coldly
rational
way.
So,
while
it's
an
interesting
exercise,
I
rather
think
it is too much
cake
and
is toxic.
Now, I am
struck by the economy of hypothesis here, to
the point of paucity; and we do run the risk, unless we
 
broaden things out and get a few more hypotheses before
us, that we're going to cut our throats with Occam's razor,
because
well, I guess I'll rest with that and not say more.
Eleanor
of Aquitaine,
of course,
the
mother
of two
kings and wife of two others, really was concerned about
change; and if what we're thinking about here is change,
either individually, collectively, or in some other fashion,
it's important to remember what she did. She was in a
situation that she found entirely intolerable, which was
the smell of the courtiers. Now we heard from a recent
speaker that there is a problem with institutions. He
would recommend that we create another institution to
deal with the problem of institutions, which is about the
same as trying to model yourself out of the problems of
modeling. With respect, I feel that you just don't get
anywhere with that sort of approach. What Eleanor did
was not to say "there is an odor around because you guys
don't clean the horse manure off yourselves before you
come into my court." She did not merely change odors by
dousing them with scent. She told them to wash, and she
thereby established the style and the form of civility that
governed the courts in Europe for centuries after her. She
accomplished real change, but not by doing more of the
same — which is what a good deal of what I now hear is all
about.
Aesculapius was a very nice fellow who has given much
status to those peOple in our society who practice medicine,
even though, according to people like Illich, the bulk of
what they treat is iatrogenic. It seems to me, in this
connection, that we haven't talked about the science of the
sciences being utilized. What seems to be underlying a lot
ofthe papers is a therapeutic approach. I don't quite know
why that is, but it may be some scientists somehow
wishing to have conferred upon them the particular
authority and role that the community confers on medical
practitioners; the idea is to be authoritarian rather than to
present options or choices. It seems to be that science, at
least of the sort that has been proposed here so far, is
making
a mistake.
It is forgetting that science should be
advice.
It seems to be saying that science not only will
determine
what, in respect to which,
it will advise, but
also that science itself will receive the advice, and that it
itself has the only authority to act.
Now that stance is therapeutic. I'm reluctant and very
uneasy, because if I object, I feel that I will be cast in the
role of beingmad and will be treated against my will. I am
doing something wrong in my world, or I'm not properly
understanding my
world or the world of others. I'm not
using my thinking capacity to make public decisions. All
of which is a fault in me, and I'm about to be cured of it. I
will be cured not only as to what I do, but also the way I
understand that which is being done to me.
 
It seems to be that science, at least of the sort that has
been proposed here so far, is making a mistake. It is
forgetting that science should be advice.
On a more practical level, you did hear someone
mention that the IJC itself has a very special role and that
this special role has to do with practicability and concrete
circumstances. So we are interested in things that are
already a problem or which, by reliable forecasting, will be
a problem.
René Thom, the celebrated French mathematician,
attempts to apply general systems theory and modeling to
the forecasting of catastrophe. He concludes that these
tools don't help much. For example, you know the fact, or
the theory can tell you the fact, that when you meet a
strange dog, that dog will do one of two things: It will
either attack you or walk away. But an approach based
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upon this methodology cannot tell you what the dog is
going to do. It remains 50—50: Either it will or it won't
attack.
For governments it's crucial, I think, that one knows
whether that dog is going to back away or attack. Only
then can one perhaps consider avoiding the dog so the risk
doesn't arise. That disappears as an option fairly soon if
we rely on the proposed methodology.
So, having said I'm skeptical, I hope that all of you, too,
are skeptical of what I've said and that you will all go and
enjoy coffee. Thank you.
[Wlhen systems are not fully understood, it is difficult to decide which
factors are important. Experience in modeling natural ecosystems
suggests that the qualitative knowledge of experienced researchers is
crucial....
it has been argued that developed societies are, culturally speaking,
measuring societies and that there may even be an excessive
concern with measurement... Among the professionals involved in
environmental management, this is reflected in a preference for
"hard" (quantitative, numerical) over "soft" (qualitative, narrative)
data... There is nothing intrinsically wrong with this attitude, if it is
pursued in moderation, but problems arise when the limitations of
quantification are ignored. Some of the more obvious abuses of
quantification revolve around the belief that it enhances the
objectivity of data, leads to a more accurate depiction of reality, and
is essential for rational discourse.
-—-— Alan Miller, "Technological Thinking: Its Impact on
Environmental Management” (1985)
While much that universities teach today is new and up to date, the
presuppositions or premises of thought upon which all our teaching is
based are ancient and, l assert, obsolete. The view of the world — the
latent and partly unconscious epistemology — which such ideas
together generate is out of date... A sort of freedom comes from
recognizing what is necessarily so. After that is recognized, comes a
knowledge of how to act.
— Gregory Bateson, memo circulated August 1978
Myths of Environmental Management and Assessment
Perhaps the best way to introduce what adaptive environmental
management and assessment is, is to indicate what it is not. Below
we discuss 12 "myths" of present management and assessment.
However much these appear to be straw men, they are still inherent
in present practice. Most of us have subscribed to at least one or two
at some time or another.
Myths of Environmental Management
The first set of myths concerns policy design and decisions.
Myth1
The central goal for design is to produce policies and
developments
that
result
in
stable
social,
economic,
and
environmental behavior.
Stability is a two-edged sword.
If our knowledge of objectives
and structure is complete, then design should indeed minimize the
chance of the unexpected.
But what we know of social, economic,
and environmental behavior is much less than what we do not know.
Therefore,
the
opportunity to
benefit
from
change
and
the
unexpected should be part of the design goal.
Myth 2
Development programs are fixed sets of actions that will
not involve extensive modification, revision, or additional investment
after the development occurs.
Program goals change, and unexpected impacts trigger corrective
actions that result in progressively greater economic and political
commitments to make further corrections if the initial ones are not
successful. Thus, present decisions have future decision consequences
as well as direct environmental ones, and these subsequent induced
decisions often generate greater environmental impacts than seemed
possible originally.
Myth 3
Policies should be designed on the basis of economic and
social goals with environmental concerns added subsequently as
constraints during a review process.
We must ride with ecological forces as much as with social and
economic ones. Unless all are incorporated at the very beginning of
the design, opportunities to achieve social goals are lost and
subverted.
The design will be more costly and the benefits too
sensitive to the unexpected.
Myth 4
Environmental concerns can be dealt with appropriately
only by changing institutional constraints.
This might ultimately be necessary, but constraints are more often
perceived than real. Often, for example, one agency will have policy
and management responsibility, and another, research or assessment
-—*
 
responsibility. But the latter agency can hardly fulfull its research role
without a policy perspective.
That perspective can be developed
internally if the goal
is to design a number
of alternative,
but
possible, policies.
Each of these implies distinct or shared priorities
for research that can be a powerful guide for research planning. At
the same time, they provide an interface of communication between
those responsible for the research and those responsible for decisions
and management.
Myths of Environmental Assessment
This second set of myths concerns the details of how assessments are
done.
Myth 5
Environmental assessment should consider all possible
impacts of the proposed development.
The interesting question is rather: What does the fact that it is
impossible to foresee all (or even most) of the impacts imply for the
structure of the basic development plan and assessment research?
Myth 6 Each new assessment is unique. There are few relevant
background principles, information, or even comparable past cases.
It is true that each environmental situation has some unique
features (e.g., rare animal species, geological formations, settlement
patterns). But most ecological systems face a variety of natural
disturbances, and all organisms face some common problems. The
field of ecology has accumulated a rich descriptive and functional
literature that makes at least some kinds of studies redundant and
some predictions possible. The same is true for economic, social, and
physical aspects of the assessment.
Myth 7 Comprehensive "state of the system” surveys (species
lists, soil conditions, and the like) are a necessary step in
environmental assessment.
Survey studies are often extremely expensive yet produce nothing
but masses of uninterpreted and descriptive data. Also, they seldom
give any clues to natural changes that may be about to occur
independently of development impacts. Environmental systems are
not static entities, and they cannot be understood by simply finding
out what is where over a short survey period.
Myth 8 Detailed descriptive studies of the present condition of
system parts can be integrated by systems analysis to provide overall
understanding and predictions of systems impacts.
The predictions from systems analysis are built up from an
understanding of causal relationships between changing variables.
Descriptive studies seldom give more that one point along each of the
many curves that would normally be used to express such critical
relationships. In short, what a complex system is doing seldom gives
any indication of what it would do under changed conditions. Again,
the interesting question is:
What are the assessment, monitoring,
and policy implications of the fact that even comprehensive systems
models can make predictions only in sharply delimited situations?
Myth 9
Any good scientific study contributes to better decision
making.
The interests of scientists are usually quite narrow and reflect the
particular history of a discipline. There is thus no guarantee that in a
scientific study the appropriate
variables or processes will be
measured, or that information will be collected on the proper spatial
and temporal scales to address management questions. The research
necessary for adaptive assessment and design must be focused
through policy concerns.
Myth 10
Physical
boundaries based
on
watershed
areas or
political jurisdictions
can
provide
sensible
limits
for
impact
investigations.
Modern transportation systems alone produce environmental
impacts in unexpected places. Transfers of impacts across political
boundaries lead to a wide range of political and economic reactions
from the other side. A narrow study that fails to recognize at least
some of these impacts and reactions will provide inadequate and
misleading information for the decision maker.
Myth 11
Systems analysis will allow effective selection of the best
alternative from several proposedplans and programs.
This assertion would be incorrect even if systems models could
produce reliable predictions. Comparison of alternative policies can
occur only if someone places values on the results of each alternative.
Rarely is this an explicit part of environmental assessment.
Myth12 Ecological evaluation and impact assessment aim to
eliminate uncertainty regarding the consequences of proposed
developments.
Attempts to eliminate uncertainty are delusory and often
' counterproductive. The appropriate concept for both assessment and
policy design is a recognition of the inevitability of uncertainties and
the consequent selective risk-taking.
These shortcomings of present assessment practice are in part the
consequence of the sudden and recent broad perception that
environmental issues are important to the health of societies. The
shortcomings reflect an urgent response to apparent crises, and
before providing suggestions for an alternative, it is useful to explore
this historical background.
—>
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Development of Contemporary Assessment Practices
It is
com
mon
pla
ce
now
to
per
cei
ve
limi
ts —
limi
ts t
o g
row
th,
to
reso
urce
s,
to
clim
atic
and
env
iro
nme
nta
l s
tabi
lity
.
Alt
hou
gh
the
gen
era
l pe
rce
pti
on o
f th
e im
por
tan
ce
of t
hos
e li
mits
is re
lati
vely
new
,
mankind has always been confronted by them. There have always
been problems of resource depletion, environmental contamination,
and poverty. Moreover, industrial man’s history, by and large, has
been one of successful resolution of these problems, at least in the
short term. In recent years, however, they seem to have taken the
sha
pe o
f cr
ises
, pe
rha
ps
bec
aus
e th
e p
rob
lem
s a
re o
urs
and
not
our
fathers'; more likely because our perceptions and methods, having
once helped, now hinder.
The current approach to environmental concerns has been very
much colored by a sudden shift of public awareness in the
industrialized nations. What was once the concern of a minority
became the concern of the public at large. The problems were not
that qualitatively different from those of the past, but in the past
they were largely local and often transient. Solutions were often
found by simply waiting — next year’s weather for crop production
could well be better. And when this was not the case, there was
often “somewhere else" that provided a way out — an unexploited
resource, an unsettled piece of land, a new river to dam. In seeking
elsewhere for solutions, the knowledge and technological devices
needed could evolve at an easy pace. It required more innovation of
spirit than innovation of technique for the Young Man To Go West.
With the "elsewheres" gradually becoming scarce, however,
alternatives had to be sought in new knowledge and technology
rather than in new places. In seeking them, the scale and intensity of
impact inevitably grew, eventually triggering that sharp shift of
public awareness.
The past solutions however, provided little experience with ways
of dealing with the environment. In most instances the goals of
economic and social advance were most promptly achieved by
subduing nature. The present protective response was therefore
natural. In the face of limits now so suddenly perceived, time at least
could be bought by protection of the environment and regulation of
its use. The response is, therefore, largely reactive...
The result of simple reactive assessment is intolerable. How can
we know what to measure for base-line information or assessment if
the detailed character of the policy or development is not revealed
until it has largely crystallized? The tendency is to measure
everything, hence producing the indigestible tomes typical of many
environmental impact statements. More time and effort are spent in
measuring what is, rather than in projecting what is likely to be or
could be made to be. Static and confused description replaces
anticipation and clear prescription of alternatives.
But encugh experience has now accumulated to allow a start to
be made in developing and implementing an alternative approach.
Systems ecology, in partnership with the physical sciences, has now
matured enough to be capable of producing succinct representations
of key elements of ecological and environmental systems. The
resulting models mimic not simply static properties, but the dynamic
ones that shift and change because of natural and man-induced
influences. They can serve, alone or combined with similar economic
representations, as a kind of laboratory world for the development of
alternative policies and for the exploration of their impact.
— C.S. Holling, ed., Adaptive Environmental Assessment and
Management (1978)
The executive’s relationship to evidence is very different from that of
most social scientists today. The executive is not ordinarily in a
position to put hypotheses to rigorous empirical tests before making
decisions and taking actions. On the other hand, as an "insider",
both with respect to his own purposes and with respect to day-to-day
institutional operations, the executive potentially has easier access to
subtle, uncoded types of information than social scientists seeking
data as outsiders...
[Tlhe executive can engage in two distinct types of empirical inquiry
— first-hand, interactional inquiry and second-hand, instrumented
inquiry. Both types of empirical inquiry are important to the
executive, and the results of each can correct the other, First-hand,
interactional inquiry is not generalizable beyond the time and place
of the inquiry, except to the rest of the life of the inquirer. Second-
hand, instrumented inquiry is potentially generalizable. On the other
hand, first-hand interactional inquiry provides continual testing of
the quality of mind and the theory of timing guiding the inquiry.
Second-hand, instrumented inquiry provides no such test. Thus, the
notion of first-hand, interactional inquiry opens into a whole arena
of methodological literature. The concern to develop a kind of
research that cultivates timely action leads beyond social science as
formal inquiry, to social science as living inquiry...
In the early phases of testing a theory in executive action, the theory
"proves itself" as much by the degree to which it cultivates an
alertness which reaches beyond its own categories as by the degree
that its categories directly inform effective strategy and action.
— William R. Torbert. "Executive Mind, Timely Action” (1983)
  
Perspectives Ill
(0n
Transducing
Within
the
Living
System)
the
whole
thing
circumstances,
altogether,
that
struck
the
note,
the
right,
the
persistent
one
—
that
of
my
baffled
endeavour,
while
in
the
neighbourhood,
to
catch
life
in
the
fact, and
of
my
then
having
to
recognize
it as
present
without
facts,
or
with
only
the
few
that
fell, incorruptibly
silent, into
the
picture.
[A]ll
cosmological
systems,
from
Pythagoreans
to
Copernicus,
Descartes
and
Eddington,
reflect
the
unconscious
prejudices,
the
philosophical
or
even
political
bias
of
their
authors;
and
from
physics
to
physiology,
no
branch
of
Science,
ancient
or
modern,
can
boast
freedom
from
metaphysical
bias
of
one
kind
or
another.
The
progress
of
Science
is generally
regarded
as
a
kind
of clean,
rational
advance
along
a straight
ascending line;
in fact it has followed
a
zig-zag
course, at times almost more bewildering
than the evolution of political thought.
The
history of cosmic
theories, in particular, may without exaggeration be called a history
of collective obsessions and controlled schizophrenias; and the
manner in which some of the most important individual discoveries
were arrived at reminds one more of a sleepwalker‘s performance
than an electronic brain's.
— Arthur Koestler, The Sleepwalkers: A History of Man’s
Changing Vision of the Universe (1959)
Science cannot provide the ultimate answers, but it can provide
pertinent questions. And I do not believe that we can formulate
even the simplest questions, much less arrive at diagnosis, without
the help of the sciences of life. But it must be a true science of life,
not the antiquated slot-machine model based on the naively
mechanistic world—view of the 19th century. We shall not be able to
ask the right questions until we have replaced that rusty idol by a
new, broader conception of the living organism.
— Arthur Koestler, The Ghost in the Machine (1967)
—
Henry
James,
The
American
Scene
(1907)
The
new
vision of
reality we
have
been
talking
about
is based
on
awareness of the essential interrelatedness and interdependence of
all
phenomena
—
physical,
biological,
psychological,
social,
and
cultural.
lt
transcends
current
disciplinary
and
conceptual
boundaries and will be pursued within new institutions. At present
there
is
no
well-established
framework,
either
conceptual
or
institutional, that would accommodate the formulation of the new
paradigm, but the outlines of such a framework are already being
shaped
by many
individuals,
communities,
and
networks that are
developing
new
ways
of
thinking
and
organizing
themselves
according to new principles.
in this situation it would seem that a bootstrap approach, similar to
the one
that contemporary
physics has developed,
may
be
most
fruitful.
This will
mean
gradually formulating
a
network
of
interlocking concepts and models and, at the same time, developing
the corresponding social organizations.
None of the theories and
models will be any more fundamental than the others, and all of
them will have to be mutually consistent.
They will go beyond the
conventional
disciplinary distinctions,
using
whatever
language
becomes
appropriate
to
describe
different
aspects
of
the
multileveled, interrelated fabric of reality.
Similarly, none of the
new social institutions will be superior to or more important than
any of the others, and all of them will have to be aware of one
another and communicate and cooperate with one another.
— Fritjof Capra, "The Systems View of Life" in The Turning
Point(1982)
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[W]
e ha
ven
't t
alk
ed a
bou
t th
e sc
ien
ce o
f th
e sc
ien
ces
bei
ng u
tili
zed.
[T]h
e ul
tim
ate
sou
rce
of t
he s
tre
ngt
h of
scie
nce
will
not
be
fou
nd
in
its
imp
res
siv
e p
rod
uct
s o
r in
its
pow
erf
ul
inst
rume
nts.
It w
ill
be
fou
nd
in t
he
min
ds
of t
he
scie
ntis
ts,
and
in t
he s
yst
em
of d
isco
urse
whi
ch
scie
ntis
ts h
ave
dev
elo
ped
in o
rde
r to
desc
ribe
wha
t t
hey
kno
w
and
to p
erfe
ct t
heir
und
ers
tan
din
g o
f wh
at
the
y ha
ve
lear
ned.
It is
the
se
inte
rnal
fact
ors
—
the
met
hod
s,
pro
ced
ure
s,
and
pro
ces
ses
whi
ch
scie
ntis
ts u
se t
o di
scov
er a
nd
to d
iscu
ss t
he p
rope
rtie
s o
f t
he
natural world — which have given science its great success.
We
shal
l re
fer
to t
hes
e pr
oces
ses
and
to t
he o
rga
niz
ati
on
of s
cien
ce
on
whi
ch
the
y d
epe
nd
as t
he
inte
grit
y o
f sc
ienc
e.
The
ter
m i
s a
usef
ul
one
, f
or
it c
onn
ote
s t
he
imp
ort
anc
e o
f a
unif
ied
inte
rnal
stru
ctur
e to
the
succ
ess
of s
cien
ce,
as w
ell
as i
ts g
uid
ing
imp
era
tiv
e ——
the
sea
rch
for
obje
ctiv
e k
now
led
ge.
On
the
inte
grit
y o
f s
cien
ce
dep
end
s o
ur
und
ers
tan
din
g o
f th
e e
nor
mou
s p
owe
rs
whi
ch
sci
enc
e
has
pla
ced
at t
he
disp
osal
of
soci
ety.
On
this
und
ers
tan
din
g a
nd
ther
efor
e, u
ltim
atel
y, o
n t
he i
nteg
rity
of s
cien
ce,
dep
end
the
wel
far
e
and safety of mankind...
To
corr
ect
the
diff
icul
ties
whi
ch
aris
e f
rom
pre
sen
t c
onf
usi
ons
bet
wee
n s
cien
tifi
c op
ini
on
and
soci
al j
udg
men
t,
we
rely
on
the
prin
cipl
e o
f o
pen
disc
ussi
on.
In
suc
h d
iscu
ssio
n t
he
scie
ntif
ic
com
mun
ity
sho
uld
requ
ire
tha
t a
ny
publ
ic a
sser
tion
, wh
eth
er
mad
e
by a
scie
ntis
t, b
y a
gov
ern
men
t ag
enc
y, o
r by
a po
liti
cal
figu
re,
whi
ch
mak
es
use
of s
cien
tifi
c co
nsi
der
ati
ons
incl
ude,
if o
nly
by
refe
renc
e,
verifiable sources for the latter. If a scientist, whether speaking
professionally or as a citizen, asserts that fallout represents a
calculable risk to health, he should be expected to indicate what
scie
ntif
ic o
bse
rva
tio
ns
sup
por
t t
his
conc
lusi
on.
If a
publ
ic
offi
cial
declares that a particular public policy, such as exploration of the
moon, is required for the advancement of science, he should be
expected to indicate where the supporting scientific considerations
may be found. The development of this type of discourse should do
much to reduce the confusion between scientific evidence and social
jud
gme
nt
and
the
reb
y he
lp t
o re
stor
e th
e sl
ack
eni
ng p
ubli
c fa
ith
in
the integrity of science.
E. Richmond Olson (October 1984)
All citizens bear serious responsibilities toward maintenance of the
integrity of science. The basic social function of science is the
development of objective knowledge about the natural world and of
means of directing this knowledge toward the satisfaction of human
needs. As we have emphasized, science has developed a set of
principles and procedures which are designed to maximize the search
for such knowledge, which is actually the unquestioned goal of
science. But, in the rest of society, not every person or every
institution may be equally well served by a particular scientific
conclusion. A physician who asserts that smoking is harmful to health
will gratify many parents, but will also displease certain farmers and
manufacturers. A recitation of the hazards of nuclear testing, or of
the untoward effects of a government-sponsored experiment in space
on science may be resented by those who wish to promulgate these
activities. Science needs to be protected from such constraints by
being permitted to develop and disseminate knowledge in keeping
with its own procedures, so that the usefulness or desirability of this
knowledge to society may be determined by that society. This is a
responsibility of all citizens, including those who are scientists.
In its own self-interest, society must respect, and indeed encourage,
the integrity of science. Too often science is regarded only as a means
of satisfying immediate social demands, and such demands sometimes
produce pressures which erode the integrity of science. Society must
recognize more clearly than it now does, that such pressures are self-
defeating, and, given the hazards involved in a faulty understanding
of the power of modern science, exceedingly dangerous as well.
If scientists work to strengthen the integrity of science, and if citizens
learn to respect the importance of the integrity of science to society,
we can enter the new age of science in the hope that it will properly
serve the welfare of man.
—— AAAS Committee on Science in the Promotion of Human
Welfare, "The Integrity of Science" (1965)
 
 Knowing how humansthink about, intervene in, and use ecosystems is the most important component of knowledge that should
be obtained for developing a well-functioning transboundary monitoring system.
[Ilt has become increasingly evident that our technological ability to
identify many of the toxic substances in the environment has far
outpaced our ability to understand their environmental and human
health significance. This puts the scientist and ultimately the public
in an awkward position. The public continues to be bombarded with
yet another discovery of some "new" exotic contaminant in the
Great Lakes. To many, scientists have become known as the
"problem makers“ rather than the "problem solvers“. Despite this
viewpoint, however, science provides the foundation of our
understanding of ourselves and our environment. Undoubtedly, the
purpose of science is knowledge, but its true value lies in its
enhancement of the state of human society. A society without a
strong scientific foundation will stagnate.
But science is also fraught with its difficulties and uncertainties. lt
has limitations, which it is, I feel, the responsibility of scientists to
make the public understand. In many cases, when the public expects
science to provide all the answers, the answers simply aren't there.
However, for some reason, the simple answer that "we just don't
know" is unacceptable in the public forum.
A classic example germane to the toxic substance issue is the
problem associated with defining a level of acceptable risk with
respect to exposure to a particular toxic substance.
Theoretically, an acceptable level of risk is established by weighing
cost to society, in terms of risk, against the benefits to society.
However, there is an important difference between risk and
uncertainty. Risk can be determined when the outcome of a
situation is known and usually a probability is attached to that
outcome. For example, there is a certain risk of having an accident
or collision when driving or riding in a car. The outcome is known
because it has been observed in the past, and the probability is also
based on past statistics.
An uncertainty on the other hand, is a situation where the outcome
is not even known, let alone the chances of that outcome occurring.
A good example of an uncertainty is the contamination of the
eco
sys
tem
wit
h h
und
red
s,
eve
n t
hou
san
ds
of t
oxic
chem
ical
s.
The
interactions between these man-made chemicals and their ultimate
impact is simply unknown, a pure uncertainty. It is important not to
con
fus
e ri
sks w
ith
unce
rtai
ntie
s.
Whe
n ri
sk a
sse
ssm
ent
s ar
e po
ssib
le,
—— Lester W. Milbrath (October 1984)
decisions can be made on what we know about the risks. But when
uncertainties are involved, decisions will have to be made based
upon what we do not know as well as what we do know. Science
helps us to learn the facts. However, what to do about what we
have learned is a more complicated area. In order to make these
decisions, we need information on feelings and values as well as
facts.
— DJ. Williams, "Toxic Substances in the Great Lakes Basin"
(September 1984)
There is increasing evidence that a substantial part of our
incapacitating diseases are caused by externally applied genetic
insults... More than half of the beds in pediatric hospitals are
housing patients with genetic diseases. Recent developments in the
asbestos industry demonstrate the enormously great effects on
cancer incidence that can be exerted by one substance alone, and
how inadequate are conventional methods of toxicology to detect
substances that can cause so many thousands of tragedies...
In the case of genetic disease, the effects of toxic exposure may not
become manifest until several generations have elapsed, but they
can affect large numbers of people. Genetic diseases in particular
can be devastating in the multiplicity of their effects on people and
society... The danger is widespread. Our times have seen the largest
introduction of women into the industrial work force in history. At
the same time, new chemical compounds are being introduced into
industrial processes. This means that workers of all kinds, but most
significantly pregnant women, are being exposed to compounds
about whose action we are largely ignorant, and for which adequate
methods of estimating potential human risk are not available...
Perhaps the greatest tragedy of our time is that man has acquired
the instruments for almost infinite destruction before achieving
enough understanding of his own deepest needs sufficient to design
a world at peace, with opportunities for fulfillment of individual
potential for all. At present, peace is being enforced by threats. Far
better if it were supported by the promise of new health
achievements that modern biological science offers.
—— Theodore T. Puck, "The New Biology And lts Human
implications“ (1985)
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A
common
transboundary
monitoring
network,
adjusted
to
the
different
needs
and
situations
along
the
length
of the
boundary
and
continually
upgraded
to
meet
different
national
and
binational
issues,
is
perhaps
the
most
conSpicuous
example
of
Canada/US.
comm1tment
to
maintaining
a
healthy
environment.
It
recognizes
openly
the
importance
of
environmental
quality to sound
socio-economic development.
— E. Frederick Roots (October 1984)
In ecosystems as in organisms, what
constitutes
health is not (despite
the popular view)
based on
objective scientific criteria, but rather
involves judgment.
Though
recognition
of ecosystem
responses to
distress involves objective comparison with a normal state, judgment
enters in deciding which parameters are significant from this point
of view.... The signs or symptoms of ecosystem distress are thus, to a
greater or lesser degree, dependent on one's perspective.
—
DJ. Rapport, H.A. Regier, and TC. Hutchinson, "Ecosystem
Behavior Under Stress” (May 1985)
This book reflects the increasingly holistic perspective of
environmental literature in the last decade. This literature is no
longer largely restricted to discussion of resource, pollution, and
population problems. More and more, it seeks fundamental
explanations for environmental problems in economics, government
and politics, our culture, and inadequacies of our information
collection and dissemination system. I also address the issue raised in
some writing, that environmental problems are traceable to
inherent biological limitations of the human sensory system.
Accordingly, the first two parts of the book, which outline the causes
of environmental problems, present a considerably wider array of
topics than would have been expected as recently as 1972. While the
problems of the physical environment, nonrenewable and
renewable resources, and human population are treated at some
length, there are additional chapters on economics, politics and
government, culture, and information.
Part 3 and a number of other chapters in the book are motivated by
another idea that is as old as civilization, but has only become
popular again in the last decade.
Fundamental explanations for
environmental
problems
are
not
to
be
discovered
within
any
traditional
discipline but
rather in the
interstices and
linkages
between disciplines.
Also, explanations necessarily involve an
international (as opposed to an intranational) perspective.
The
availability of energy at a particular price in the United States now
depends on economic analysis by Saudi Arabia and agricultural
policy in the Soviet Union, which determines how much grain they
will buy from us. That, in turn determines the foreign exchange we
have with which to purchase crude oil. The price of houses in the
United States is affected by US. national energy policy via multiple
causal pathways.
Part 4, which deals with the consequences of environmental systems
dysfunction, includes chapters on social, economic, and political
problems and
history, as well as pollution and environmental
degradation. Some reviewers have identified the historical chapter
as the most important innovation in this book.
Part 5, on methods of solution, deals not only with economic and
legal approaches, but also with a variety of institutional innovations.
It is becoming widely recognized that we must have major changes
in policymaking, conflict resolution, and the design of regulatory
procedures. Part 5 deals with new ideas coming into the literature
about these issues.
Part 6 deals with the future and demonstrates that major changes in
the approach of our country to environmental matters are
inevitable.
— Kenneth E.F. Watt, Understanding the Environment (1982)
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Ind
eed
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hat
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at
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of
the
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it
of
expl
orat
ion.
This
cha
lle
nge
of
the
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pro
bab
ly
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mos
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Lei
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n a
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"Be
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e!"
But
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alw
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tic
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e E
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"Th
ere
's n
o se
nse
of g
oin
g fu
rthe
r —
it‘s
the
edg
e of
cult
ivat
ion.
”
So they said and I believed it
Till a voice, as bad as Conscience, rang interminable changes
On one everlasting Whisper day and night repeated —- so:
"Something hidden. Go and find it.
Go and look behind the Ranges— Something lost behind the Ranges.
Lost and waiting for you. Go! "
The joy and satisfaction that we derive from discovery and
exploration are indications that scientific procedure — however
dispassionate and unbiased we imagine it to be — is not, and should
not be, without its pleasures.
— Francis C. Evans, "In Praise of Natural History", address of the
past president of the Ecological Society of America (June
1985)
I believe the discipline will become more unified as more and more
ecologists accept the concept of hierarchical organization. It is
becoming increasingly evident that areas of common interest such as
"competition", "natural selection", or "stress" have rather different
meanings and manifestations at different levels
of organization. For example, flooding on a
floodplain can be quite a stress for an animal
caught in the rising water (or for a human who
unwisely builds a house on the floodplain!), but
it is not a stress at the ecosystem level; absence
of flooding would be a stress in this case.
Similar differences are becoming evident for
natural selection, cybernetics, energy flow,
nutrient cycling, and so on; yet all of the
important processes are common denominators
for the population, community, and ecosystem
levels.
 
— Eugene P. Odum, comments on the-state-of—the-science
ecology in Intercom, Vol. XV, No. 3
RL————.  
Panel
Discussion
of
Practitioners
Keith
Bulen
Now
I'd like to introduce
three gentlemen
who
will be
in charge
of the balance
of
the
afternoon.
I'll introduce
ﬁrst Alan
Clarke,
who,
at
a later time
this afternoon, will be
in
charge
of open
questioning
and
a response session.
Alan
is currently the
Director of Institute
Programs,
School
of Continuing
Education,
Algonquin
College,
Ottawa.
During
1982-1983,
he
served
the
Ottawa
Section
of
the
Commission
on
an
Executive
Exchange
Program
called
Interchange
Canada.
Alan
is a Canadian
and
graduate
in
philosophy
from
the
University of
Toronto.
He
is an adult educator and community developer andjust a wonderful gentleman with
whom
we've all been pleased to have been associated in the last two or three years.
Alan
will be
in
charge of the open
question/response
session.
The
ﬁnal
speaker this afternoon will be
Dr. Peter
Haug,
who
will be synthesizing the day's
activities and, in preparation for day two, describing more particularly tomorrow's program.
Dr.
Haug
is a systems ecologist in environmental analysis with
a private consulting business in
Tumwater, Washington.
Professional achievements, while working
for the federal government
and private ﬁrms, include the design and implementation of innovative techniques for analyzing
environmental impacts, development of a systems approach to environmental baseline studies,
and the creation of prototype data-handling formats for use with computer-based ecological
simulation models. Among his published works are a number of articles on the systematic use of
language and information in communications among the different disciplines often found on
interdisciplinary teams.
And last, let me introduce Mr. John Blodgett of the Congressional Research Service, the
United States Library of Congress. John will, at the conclusion of his introduction, introduce his
panel. John is Senior Analyst in the Environment and Natural Resources Policy Division of the
Congressional Research Service, Library of Congress. In this position, he works with members
and committee staffs of the United States Congress, providing information and analysis on
environmental protection issues, especially acid precipitation and pesticides, and toxic
substances.
From 1979 to February of 1984, he was section head of the Environmental Protection Section
of that Division. As section head, he directed the policy research and analytical efforts of several
professionals in the areas of environmental protection and water resource policy. Work
published as committee prints include: Effects ofChronic Exposure to Low-Level Pollutants in the
Environment; Research in Developing Needs To Merge Environmental and Energy Objectives;
Compensation for Victims of Water Pollution; and Summary of Oversight Hearings on
Implementation of the Acid Precipitation Act of 1980. For the House Science and Technology
Committee, he has prepared a report, Environmental Monitoring: Needs and Opportunities, and
summarized Committee hearings on monitoring held in 1977 and 1983. He has an MA. in
Science Technology in Public Policy from Case Institute of Technology. John, will you please go
forward, introduce your panel, and commence your part of the program.
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John Blodgett Thank you, Keith. It is certainly a
pleasure to be here and to participate in a meeting on the
subject of monitoring, which is something I've had a
personal and professional interest in for several years.
The panel this afternoon has a particular goal in mind,
which is to address some of the ideas, abstractions, and
proposals we've heard from the speakers so far, and to
apply them to some of their own real-world experiences.
Panel members are all involved in monitoring in some
practical and tangible way, and we're going to try to get
down to some real-world problems.
There are three basic questions we're going to try to
address. First, why the IJC has a particular role to play in
this, what boundary we are talking about, and what is the
need we're trying to meet. Secondly, to the extent we can
agree on a need, how would we go about implementing the
kind of program that would result in meeting that need?
Thirdly, who wins and who loses, if we were to implement
such a program? This tells you something about the
political feasibility of doing it and of the benefits and the
risks ofcarrying out such a program.
Clarke
Blodgett
Let me introduce our six panelists. On my immediate
left is Jim Kingham who is Regional Director General,
Federal Department ofEnvironment, Canada, the Ontario
Region. His department has the full gamut of
environmental programs, including resources and
weather and excluding fisheries. The Ontario region has
monitoring
and
surveillance
programs
on
the
Great
Lakes, and it also has responsibility for air monitoring
programs, including the National Air Pollution
Surveillance Program that measures pollution loads in the
urban areas, as well as the Canadian Air and
Precipitation Monitoring Network, which measures in the
rural areas.
Next we have Dr. Courtney Riordan who is Director,
Office of Acid Deposition, Environmental Monitoring, and
Quality Assurance (OADEMQA) in the Office of Research
and Development, Environmental Protection Agency. He
has been involved for many years in the monitoring and
deposition research programs at EPA. He joined EPA in
1971 as an engineer in the Ofﬁce of Enforcement. Since
1976 he has been in the Ofﬁce of Research and
Development, where he has held a number of increasingly
important positions in areas of water and air pollution
modeling and monitoring.
Next we have Don Williams, graduate of the
University of Toronto in Biochemistry. Since 1970, he's
worked for the Canadian government, Environment
Canada. He has worked also in ﬁsheries management
research. Most of his time has been spent on the Great
Lakes working in the field and being involved in policy
issues. He has also worked on the British Columbia-
Okanogan study. He has been involved with the IJC since
1973, mostly in the areas of monitoring and surveillance.
He's been involved with the Great Lakes International
Surveillance Plan and is presently Surveillance Program
Manager in the Land-Water Directorate, the Ontario
Region, Environment Canada.
Next we have John (Jack) Uthe.
He's been involved
with chemical monitoring and sublethal effects in both
marine and fresh waters. He is head of the Contaminants
Research Unit, Fisheries Environmental Sciences, Halifax
Fisheries Lab, Fisheries and Oceans, Canada.
His major
work has been in sampling, chemical analysis, and in
statistical quality control for monitoring biological
components.
Next to my left is Lovell Richie, Jr., Executive Officer
of the Minnesota Pollution Control Agency and a member
of the Great Lakes Water Quality Board and three other
IJC boards. His agency does monitoring; but, as he points
out, most of this monitoring is to suit their own needs.
One of the questions he will address is the problem of
making such monitoring suit other needs as well.
Lake
Superior is about 10 percent of their activities. Their
monitoring is focused on problems and on enforcement,
with 87 stations throughout the state.
Finally, Dr. Richard L. Klimisch, Ph. D. in chemistry.
He has been involved at General Motors in catalysis
research for many years and in air pollution programs at
General Motors for the last 15 years.
We'll start by having the panelists, in effect, carry on a
conversation among themselves focused on questions
raised earlier; and they may also want to ask some
questions of our earlier speakers, who are over on our
right. So let's start off with these questions: Why the IJC?
What are we talking about in terms of the boundary?
What ought to be monitored? Courtney, would you like to
take a shot at that to start off with?
Courtney Riordan I have been trying to ﬁgure out a
number of reasons why, in an abstract sense, one might
want to monitor the boundary area between the United
States and Canada. The first reason might be to identify
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"tenant" ecosystems within that boundary area, if I can
use the term "tenant". These are distinct ecosystems of
concern to both countries. A particular ecosystem that
comes to mind is the Great Lakes, a major environmental
system [Ed. Note: See Figure 8.] of great economic and
environmental importance to both countries. We would be
interested in monitoring that "tenant" system to
determine both its health and trends in that health over
time. I know at the present time there are active
negotiations going on between our countries through the
IJC in terms of developing a chemically and biologically
based monitoring system. But I can't comment in detail on
how well those negotiations are going.
The second reason for monitoring in the transboundary
area would be where there is concern for the basic tenets of
the IJC, namely that we have committed ourselves on each
side to maintain the principle that we will manage our
resources so as not to degrade those of another. We could
identify pathways in the environment where there may be
a unidirectional flow or a net flow from one country to the
other. It would be responsible on the part of both countries
to establish monitoring in order to determine either the
transfer of materials through that pathway in its
uncontrolled state or, after some controls have been put
into place, the effectiveness of various actions that could
be taken.
The third and last reason for monitoring the
transboundary area has to do with research monitoring,
with which I'm involved. We who are in research at EPA
have been concerned for some time about the absence of
baseline monitoring programs for critical vital signs or
processes in the environment that we can rely upon to
identify problems. This is one of the fundamental
conundrums we face in the environmental sciences: We
have been guilty of collecting data indiscriminately, i.e.,
without some understanding about the degree of change or
impact expected that would enable us to identify problems
as they arise. So, one might identify a representative
ecosystem in the boundary area that would be of interest
to the US. and Canada, ﬁrst, from the point of view of
identifying problems, and second, from the point of view of
standardizing research methods and techniques for
measuring environmental characteristics and clarifying
those problems.
These are just the items that I identiﬁed in trying to
determine why we would be interested in a particular
monitoring system for the boundary area.
John Blodgett Don, you're involved in some practical
monitoring there on the Great Lakes. Do you have any
comment on the appropriateness or the problems that
arise from that.
Don Williams Well, I'd like to go back to your ﬁrst
question about "Why the IJC?" Probably all of us will
admit we have parochial tendencies in terms of what we
want to get out of our programs and how we interpret the
data. The IJC is very effective for arbitrating any
differences in the interpretation of data and coming to
some satisfactory conclusion about either the status, or the
change in status, of the Great Lakes. In terms of problems
with implementation, one of the concerns I had with this
workshop, after I saw the material, was that it seems to be
of a very esoteric nature.
The material never really got
down to the grass roots issues that we deal with on a day-
to—day basis. We're capable of doing the planning, we're
capable of doing the conceptualizations, and in most cases
we have methodologies —- although work still needs to be
done
in terms of getting comparability between
those
methodologies.
The major problem seems, basically, the
institutional
arrangements
and
the
long-term
commitment: in short, controlling those things that we
really can control, at least in theory.
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Even though we may never understand the complexity
of t
he
tot
al
eco
sys
tem
, o
r e
ven
the
Gre
at
Lak
es
eco
sys
tem
,
we
do
hav
e t
he
abi
lit
y t
o a
sk
som
e v
ery
spe
ciﬁ
c q
ues
tio
ns;
and
it's
ver
y i
mpo
rta
nt
tha
t w
e d
o a
sk
spe
cif
ic
que
sti
ons
.
For
exa
mpl
e,
que
sti
ons
lik
e "
Are
the
Gr
ea
t L
ak
es
get
tin
g
bet
ter
or
wor
se?
" a
re
sill
y.
The
y m
igh
t b
e g
ett
ing
bet
ter
wit
h r
esp
ect
to D
DT
, f
or e
xam
ple
, b
ut
wor
se
wit
h r
esp
ect
to
PCB
's.
So
we
rea
lly
ha
ve
to
foc
us
our
que
sti
ons
.
The problem really becomes — even if we could get a
handle on the scientiﬁc complexities — can we get
tog
eth
er,
in
a c
oor
din
ate
d i
mpl
eme
nta
tio
n p
has
e,
to
put
any
pro
gra
m i
nto
pla
ce
tha
t i
s g
oin
g t
o g
ive
inf
orm
ati
on
whi
ch,
in
its
tot
ali
ty,
wil
l
be
use
ful
in
mov
ing
management decisions forward? One of the biggest
problems I see — and one of the speakers of this
aft
ern
oon
's
ses
sio
n a
llu
ded
to
it —
is t
he
ina
deq
uac
ies
of
the monitoring network. [Ed. Note: See Appendix C, p.
657 — 659, which demonstrates that, despite intense
concentrations of monitoring, we still get very unpleasant
sur
pri
ses
] I
f yo
u l
ook
at
the
dat
a t
hat
Tre
for
Rey
nol
dso
n
put
tog
eth
er
out
sid
e o
n t
he
boa
rd,
you
'll
ﬁn
d t
her
e a
re,
indeed, numerous surveillance stations. The fact is that
we
don
't
rea
lly
loo
k a
t,
int
erp
ret
, a
nd
syn
the
siz
e d
ata
in
suc
h a
fas
hio
n t
hat
we
can
pro
vid
e i
nfo
rma
tio
n t
o t
he
managers in a form useful to them for making various
management decisions. In other words, we never seem
abl
e to
clo
se
tha
t l
oop
; a
nd
mon
ito
rin
g b
eco
mes
an
end
in,
and of, itself.
Richard Klimisch I'd like to speak briefly to the question
of whether this thing has a chance of getting implemented.
One reaction to anticipatory types of research is that this
is some kind of a ﬁshing expedition looking for more
problems; and that, indeed, makes it very difficult to get
approval for such things. The idea is that we don't need
more problems. Furthermore, based on what Mr.
Rodemeyer said, I think the perception largely is that
we're already getting more data than we know what to do
with; and we're not using the data we're getting now very
well.
The question is, of the monitoring you're doing now,
what would you like to stop? Typically when one talks
about monitoring, we hear about measurements of air
pollution, water pollution, and that sort of thing. I'd like
to point out that the area that is really woefully
inadequate has to do with the effects of these pollutants. I
had a conversation with a couple of epidemiologists a few
years ago, pointing out how we can now measure parts per
hundred trillion of certain pollutants on filters. It was
their perception that, in terms of human health at least,
whereas we're measuring parts per hundred trillion,
they're still at the stage of counting bodies.
There's a real problem in knowing what, if anything,
these very low levels are doing in the environment. No
one is ever going to measure every conceivable thing.
That's totally open-ended, so this ultimately must be put
in perspective with other things. What I conclude is that
about the only viable alternative is something like,
perhaps, a sample repository. I know some people here
think that's a dumb idea; but in my opinion, nothing more
sophisticated than that has a chance. We're at the stage,
when one asks of programs like this, not "Do I have to do
it?" but "What happens if I don't do it?" I'm not sure the
answers lead to horrendous problems; and, with the
federal budget problem like we have in this country, I just
don't think this kind of a program has a chance.
John Blodgett Is it really a case of "not a chance", or is it
a question of simply how you put things together? Lovell,
would you like to comment on that?
Lovell Richie Well, Mr. Chairman, I wish to make a
couple of observations from what I've heard this morning
and from what I know is happening in the jurisdictions I
work with, and through the IJC family. There are a
number ofjurisdictions out there: eight states, a couple of
provinces, and two federal governments doing monitoring.
The charts out on the wall show at least the US. side of
 what's
happening.
All
those
dots
have
blackened
the
shoreline
and
show
you
that
a
lot
of
analysis
is
going
on.
I'm
greatly
offended
by
the
suggestion
that
that's
scandalous
information
and
that
it's
being
collected
by
a
bunch
of
ignorant
boobs
who
don't
know
what
they're
doing.
It's
being
collected
for
a
purpose,
for
individual
separate
purposes.
We're
collecting
it
in
Minnesota
for
enforcement
and
a
number
of
other
things,
and
so
are
some of the otherjurisdictions.
It's
true
that
it
hasn't
been
coordinated
in
an
international
or
global
way,
but
that
probably
can
be
done.
The
environmental
program
directors
from
the
eight
states,
including
Ontario,
and
the
two
federal
governments
met
the
other
day
and
wanted
to
know
something
about
air toxics
deposition.
The
question
to the
group
was,
"Could
we
develop
a
coordinated
sampling
program
to measure
air toxics?"
So
a bunch
of us
met
and
talked about
this.
All
these
faces out
here
are familiar.
We talked about, "Could we do this?"
Well, that's an
easy question
to answer.
Sure, we
can
do it; but we
want to make
it easy on ourselves.
What
we
ought to do is decide on a number of stations in each
country and choose some parameters for which accepted
methodologies exist. Agree on a sampler; just pick out one
and use it on both sides of the boundary. Use the EPA and
Environment Canada stations, and then monitor for air
toxics. Look for lead, and look for mercury, and look for
PAH, and look for PCB's.
That will build a very small
program.
It's not going to be something we should all be proud of,
but it's a very small thing. It's implementable now under
present budgets, and it isn't going to cost any more than
what we're spending right now. We can do that, and we
can build on that. The advantage of it is, it allows us to
learn together, to make mistakes together, to change
together, and to get together to discover things; rather
than
spending
all
our
time,
as
we
usually
do,
arguing
about
methods,
sampling
equipment,
laboratory
techniques,
data
quality,
and
so
on.
That
was
recommended
to the
group,
that we
implement
something
like
that. It
will
let
us
begin
together.
W
e
already
do
this
with
Ontario,
as
somebody
said
earlier,
and
on
a
couple
of
other IJC references.
The
problem
with
the
Great
Lakes
reference
is
that
it
is so
vast.
The
directions
from
governments
or
directions
in
the
water
quality
agreement
are
not
very
speciﬁc.
Where
they
have
been
specific,
and
where
the
IJC
references
have
been
of
smaller
magnitude
—
in
my
experience on
the
Rainy River,
where
we
share a
common
boundary
with
Canada;
on
the
Red
River
of
the
north,
where
it's a
transboundary
stream;
and
on
the
Garrison
Diversion
Unit
where
it's
neither
—
IJC
has
made
very
good
progress.
There's
been
very
good
international
cooperation on
these things, and they have
come
to fruitful
ends.
So
be
careful
about
criticizing
these
jurisdictions,
because
all the
information
you
have
on
the
Great
Lakes
system,
and
there's
a
lot
of
it,
came
from
these
jurisdictions.
I would
be
very
careful
about
beating them
to
a pulp.
I don't think
it does
anybody
any
good,
or
the
public any good, to hear this kind of criticism.
They're
not
perfect;
they're a long ways
from
perfect.
They
need
to be
improved or something else substituted for them.
I think
change is possible in all of these programs,
but it takes
time; it takes money.
All
of
the
jurisdictions
have
ﬁnancial
problems;
they've all been cut back;
all of the states are the same;
and I think Ontario and the two federal governments are
not different. Programs have been cut back.
When you
talk about international monitoring programs or global
monitoring programs, do you expect Minnesota, with its
land
area
comprising
10
percent
of
the
several
Great
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g
th
at
's
b
e
e
n
sa
id
,
b
u
t
t
h
e
n
m
y
pe
rs
pe
ct
iv
e
is
a
li
tt
le
di
ff
er
en
t.
I
ap
pr
ec
ia
te
th
e
si
ze
of
th
e
G
r
e
a
t
L
a
k
e
s
.
I
h
a
ve
n
'
t
w
o
r
k
e
d
in
fr
es
h
wa
te
r,
ho
we
ve
r,
in
ab
ou
t
a
do
ze
n
ye
ar
s;
so
I'
ll
tu
rn
to
a
di
ff
er
en
t
b
o
d
y
of
w
a
t
e
r
w
h
i
c
h
s
e
e
m
s
to
th
is
a
u
d
i
e
n
c
e
to
b
e
a
li
tt
le
s
m
a
l
l
e
r
t
h
a
n
th
e
G
r
e
a
t
L
a
k
e
s
,
n
a
m
e
l
y
,
th
e
N
o
r
t
h
At
la
nt
ic
.
[S
ee
F
i
g
u
r
e
9.
]
W
e
'
v
e
g
o
t
e
x
a
c
t
l
y
t
h
e
s
a
m
e
p
r
o
b
l
e
m
s
.
I
c
a
n
'
t
r
e
a
l
l
y
d
e
ﬁ
n
e
a
n
y
d
i
f
f
e
r
e
n
c
e
.
W
h
a
t
w
e
h
a
v
e
is
a
g
r
o
u
p
o
f
p
e
o
p
l
e
,
n
a
m
e
l
y
sc
ie
nt
is
ts
,
ﬁ
s
h
e
r
i
e
s
m
a
n
a
g
e
r
s
,
et
c.
,
w
h
o
h
a
v
e
c
o
m
e
t
o
g
e
t
h
e
r
i
n
a
g
r
o
u
p
c
a
l
l
e
d
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
C
o
u
n
c
i
l
f
o
r
t
h
e
E
x
p
l
o
r
a
t
i
o
n
o
f
t
h
e
S
e
a
s
.
It
's
b
e
e
n
i
n
f
o
r
c
e
s
i
n
c
e
1
9
0
7
,
I
b
e
l
i
e
v
e
.
W
h
a
t
it
h
a
s
t
u
r
n
e
d
o
u
t
t
o
b
e
is
a
n
i
c
e
f
o
r
u
m
f
o
r
g
e
t
t
i
n
g
i
d
e
a
s
a
n
d
p
r
e
t
t
y
g
o
o
d
s
c
i
e
n
t
i
ﬁ
c
a
s
s
e
s
s
m
e
n
t
s
o
f
w
h
a
t
w
e
'
r
e
d
o
i
n
g
,
o
r
p
r
o
p
o
s
e
to
do
,
i
n
t
h
e
N
o
r
t
h
A
t
l
a
n
t
i
c
.
It
's
o
u
r
c
o
n
c
l
u
s
i
o
n
t
h
a
t
w
e
d
o
m
o
n
i
t
o
r
i
n
g
of
c
h
e
m
i
c
a
l
c
o
n
t
a
m
i
n
a
n
t
s
fo
r
a
c
o
u
p
l
e
of
r
e
a
s
o
n
s
:
N
u
m
b
e
r
o
n
e
,
w
e
'
d
li
ke
to
k
n
o
w
tr
en
ds
,
a
n
d
I
'
m
n
o
t
fu
ll
y
c
o
n
v
i
n
c
e
d
w
e
h
a
v
e
t
h
e
m
e
t
h
o
d
s
to
m
o
n
i
t
o
r
t
r
e
n
d
s
u
n
l
e
s
s
t
h
e
y
a
r
e
o
f
h
o
r
r
e
n
d
o
u
s
m
a
g
n
i
t
u
d
e
.
N
u
m
b
e
r
t
w
o
,
a
n
d
p
r
o
b
a
b
l
y
t
h
e
m
o
s
t
i
m
p
o
r
t
a
n
t
w
h
e
t
h
e
r
w
e
w
a
n
t
to
a
d
m
i
t
it
or
no
t:
"I
s
t
h
e
r
e
a
n
y
d
a
n
g
e
r
to
m
e
f
r
o
m
w
h
a
t
w
e
'
r
e
d
o
i
n
g
to
t
h
e
e
n
v
i
r
o
n
m
e
n
t
?
"
N
o
t
to
t
h
e
ﬁ
s
h
,
n
o
t
to
t
h
e
fa
lc
on
s,
b
u
t
to
the human being.
T
h
e
n
,
if
w
e
c
a
n
af
fo
rd
it
a
n
d
w
e
m
a
k
e
t
h
e
j
u
d
g
m
e
n
t
t
h
a
t
it
's
w
o
r
t
h
it
,
we
'l
l
tr
y
to
p
r
o
t
e
c
t
t
h
e
e
n
v
i
r
o
n
m
e
n
t
;
b
u
t
it
's
b
a
s
i
c
a
l
l
y
fo
r
o
u
r
o
w
n
we
l
l
-
b
e
i
n
g
.
W
e
d
o
t
h
e
c
h
e
m
i
c
a
l
m
o
n
i
t
o
r
i
n
g
b
e
c
a
u
s
e
w
e
a
r
e
v
e
r
y
d
e
ﬁ
c
i
e
n
t
in
ab
il
it
ie
s
to
g
o
in
a
n
d
a
s
k
a
co
d,
fo
r
e
x
a
m
p
l
e
,
"
A
r
e
y
o
u
h
e
a
l
t
h
y
?
"
W
e
'
r
e
t
r
y
i
n
g
to
d
o
it
t
h
r
o
u
g
h
t
h
e
u
s
e
of
v
a
r
i
o
u
s
st
er
oi
d
h
o
r
m
o
n
e
t
e
c
h
n
i
q
u
e
s
a
n
d
o
t
h
e
r
bi
ol
og
ic
al
ef
fe
ct
s
m
e
a
s
u
r
e
m
e
n
t
s
.
W
h
a
t
w
e
'
r
e
re
al
ly
t
r
y
i
n
g
to
s
a
y
is
,
"I
f
I
m
e
a
s
u
r
e
t
h
e
t
h
i
n
g
s
I
t
h
i
n
k
I
c
a
n
m
e
a
s
u
r
e
,
c
a
n
I
g
u
a
r
a
n
t
e
e
m
y
s
e
l
f
s
o
m
e
d
e
g
r
e
e
o
f
p
r
o
t
e
c
t
i
o
n
?
"
IJ
C
h
a
s
a
ro
le
to
p
l
a
y
in
m
a
k
i
n
g
s
u
r
e
w
e
'
r
e
a
s
k
i
n
g
th
e
ri
gh
t
qu
es
ti
on
s,
n
o
t
o
n
l
y
f
r
o
m
a
po
li
ti
ca
l
po
in
t
o
f
v
i
e
w
,
b
u
t
f
r
o
m
a
s
c
i
e
n
t
i
ﬁ
c
p
o
i
n
t
o
f
v
i
e
w
.
A
s
sc
ie
nt
is
ts
,
w
e
c
a
n
of
fe
r
o
n
e
th
in
g:
a
n
a
t
t
e
m
p
t
to
ge
t
at
tr
ut
h.
I'
d
li
ke
to
s
e
e
t
h
e
m
o
d
e
l
e
r
,
fo
r
e
x
a
m
p
l
e
,
w
h
o
c
o
n
s
i
d
e
r
s
t
h
a
t
so
ci
et
y
is
s
i
m
p
l
y
a
n
e
x
t
e
n
s
i
o
n
o
f
a
ce
ll
,
e
x
p
l
a
i
n
J
o
s
e
p
h
G
o
e
b
b
e
l
s
.
H
e
d
i
d
a
t
r
e
m
e
n
d
o
u
s
j
o
b
i
n
t
e
r
m
s
of
p
r
o
p
a
g
a
n
d
a
,
9
5
p
e
r
c
e
n
t
of
w
h
i
c
h
w
a
s
tr
ut
h.
R
e
m
e
m
b
e
r
,
it
w
a
s
th
e
ﬁ
v
e
p
e
r
c
e
n
t
(t
he
li
e)
t
h
a
t
di
d
t
h
e
d
a
m
a
g
e
.
W
e
do
n'
t
h
a
v
e
t
h
a
t
t
yp
e
of
t
h
i
n
g
w
h
e
n
we
'r
e
d
e
a
l
i
n
g
w
i
t
h
c
o
d
a
s
in
ve
st
ig
at
or
s,
b
u
t
w
e
m
a
y
h
a
v
e
it
in
t
e
r
m
s
of
t
u
r
n
i
n
g
a
r
o
u
n
d
a
n
d
s
a
y
i
n
g
w
h
a
t
w
e
t
h
i
n
k
is
h
a
p
p
e
n
i
n
g
to
t
h
e
e
n
v
i
r
o
n
m
e
n
t
.
W
e
h
e
a
r
d
th
is
m
o
r
n
i
n
g
t
h
a
t
as
sc
ie
nt
is
ts
,
w
e
ge
t
al
l
o
u
r
i
n
f
o
r
m
a
t
i
o
n
f
r
o
m
t
h
e
pr
es
s,
or
a
su
bs
ta
nt
ia
l
a
m
o
u
n
t
of
it
.
T
h
i
s
w
a
s
t
h
e
n
t
u
r
n
e
d
a
r
o
u
n
d
to
sa
y
th
e
l
a
y
m
a
n
is
fa
r
a
h
e
a
d
of
th
e
pr
es
s.
S
o
do
w
e
r
e
a
d
a
di
ff
er
en
t
pr
es
s?
O
r
ar
e
w
e
a
s
k
i
n
g
t
h
e
w
r
o
n
g
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questions even
there?
I don't know
because
I'm a biochemist.
I'm not a philosopher or a
political
scientist,
and
these
I
think
are
relevant
questions.
How
do
we
get
at
the
truth?
It's easy to ask a person what he thinks
we
should
do
environmentally,
but
you
have
to turn
this
around
and
ask
him
what
he
is doing environmentally.
For example,
somebody
asks
me,
"Will
you
accept
an
increase of ﬁve
percent in taxation
to clean
up
toxic
waste?"
The
assumption
——
the
promise
in
the
question, the
lead-into—gold
promise
—
is that
we
can
clean
them
up.
What
will
be
done?
We'll
move
the
wastes
someplace else.
That's all we're promising
really, but
we're
trying to tell the
person,
"No,
we're
going to clean
them
up."
I'm
not
convinced we're there yet. So hopefully,
IJC
can form some
sort of forum
to address
questions like this.
Jim
Kingham
Guess
I'll have
to
take
a
kick at the can here, too.
This
panel
discussion
is
titled
"Discussion
of
Practitioners".
Prac-
titioners sometimes have to worry about
things like outputs, targets, goals, and
budgets. We heard a few comments about
budgets from Lovell and others here this
afternoon. It's going to cost, and
somebody's going to have to pay.
Now my initial reaction to this whole
workshop is "Why bother?" Why bother, in
the context of the IJC, to do monitoring in
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the Great Lakes Basin or transboundary monitoring at
all? Unless we have a pretty clear answer to that question
at the outset, we better not get too deeply into designing
elaborate systems to do it, because it will cost. Lovell
pointed out that he's starting off with the Great Lakes
states and Ontario on the basis of zero cost. We will use
what we've got now. But it didn't take him very long to
say, "If we whip this up into something meaningful, it's
going to cost a fair amount."
So we have to be clear, before we get into something
like this, what we want to get out of it. I was trying to
think of an analogy for this. I thought, "If somebody
ordered me to put my hands in a black box, I might refuse
because I don't know what's in there and it might hurt me.
If the person who is ordering me to do that will monitor
what's in that black box, I might be more willing to do so."
So the proponent monitors the contents of the box and
tells me "It's a 50-percent solution of sodium hydroxide.
Now put your hands in the black box." Great! Just
knowing that information isn't likely to make us any more
willing to participate. I may want to propose that someone
add an appropriate amount of hydrochloric acid so the
alkaline solution is neutralized; then I'll put my hands in
the black box. But where are we if the proponent says,
"No, I wasn't committed to doing anything about it. I just
offered to tell you what's inside the black box."
Perhaps if we concluded an agreement beforehand
saying, "You will not only tell us what's in it; but,
furthermore, you're committed to making sure that what's
in it is not harmful to me. Then I'll pay you to do the
monitoring and to tell me what you ﬁnd." And that, it
seems to me, should be part of the cornerstone of designing
any monitoring system that would fall under the IJC.
We have to be able to deﬁne at the end of the line what
it is we are going to do with the information we've
generated. In our own administrations, we can do that
quite clearly because we work within a given province, a
given state, a given federal system. If we decide to
monitor something and then to make regulations to
control it or mitigate it, we have the authority to do that.
Furthermore, we have the same socio-economic-political
perspective to solve that problem.
I was interested in the ﬁgures that were shown this
morning by Professor Milbrath on public perceptions —
public perceptions of risk and public perceptions of
environment versus economics — and to note differences.
Some, which he explained to me last week, were, in fact,
statistically signiﬁcant differences between the attitudes
of people in one jurisdiction from the attitudes in another
jurisdiction.
How, then, can we set up in advance some kind of
agreement that will assure that, at the end of the day,
basic needs of both jurisdictions (if the IJC is to be
involved) will be met after we have done the monitoring?
If we can leap that hurdle, then we can deﬁne what we're
going to do with the information. Then each of us, in our
own administrations, can go to our respective purse-string
holders and say, "The reason we want to do this is that
once we have the answers to these questions, we are both
committed to doing certain things about them."
If we don't have that commitment to do certain things
about the problems we uncover, those who hold the purse
strings are likely to say to us, "We've got other priorities,
and if you can't deliver at the end of the road, why should
we put the money into the kind of monitoring project
you're setting up?" So I would say that one might start
from that premise and proceed to collect information on
which decisions will be based, rather than starting by
collecting information and deciding subsequently what
will be done with it, if anything.
 Kingham
Riordan
Williams
Lovell
Richie
If
there's
a
criticism
to
be
m
a
d
e
of
the
monitoring
p
r
o
g
r
a
m
that's
going
on,
it
is
that
w
e
haven't
connected
the
numbers,
the
data,
to
something
meaningful
for
the
public:
i.e., what
does it mean?
I'm
reminded
of
a
couple
of
years
ago
when
the
Water
Quality
Board
was
making
a
presentation
before
the
IJC.
Chairman
McEwen
was
faced
with
all
of
these
numbers
that
we
gave
him
in
our
reports
and
annexes
and
whatever,
and
he
said,
"Tell
me
what
it means.
Let
me
put
it
in
these
terms;
I
want
to
ask
you,
'Can
I
swim
in
the
water?
Can
I
drink
the
water?
Can
I
eat
the
ﬁsh?‘
That's
the
kind
of
answer
I
want
to
know."
And
somebody
answered
the
question
for
him
in
those
terms.
The
information
was
available
in
that
case.
And
I think
sometimes
that's what
the public wants
to
know.
We've
scared
the
wits
out
of them
on
these low-
Uthe
Richie
Klimisch
level
organic
things
that
we're
ﬁn
d
i
n
g
n
o
w
in
a
b
a
n
d
o
n
e
d
waste
sites
wh
e
r
e
ground
water
is
contaminated
a
n
d
people
are
drinking
a
n
y
n
u
m
b
e
r
of
organic
chemicals.
Inadvertently
we've
scared
them.
W
e
haven't
done
it
deliberately,
but
when
you
get
to
a
level
where
the
PAH,
or
whatever,
is
at
drinking
water
standard
levels
or
above,
your
good
conscience
tells
you
to
announce
that
and
provide
another
water
supply.
That's
the
sort
of
thing
we've
done.
W
e
haven't
communicated
with
the
public
very
much,
though,
on
this
whole
question
of
risk
and
acceptable
risk.
I
don't
think
acceptable
risk
is
a
technical
decision,
anyway.
It's
a
social
decision.
I'd
be
much
more
comfortable
if
the
legislature
or
the
Congress
were
deciding
those
kinds
of
things,
but
up
to
a
point
it's
a
technical
decision
to
report
it.
We've
been
lax
in
doing
that
because
the
data
aren't
available.
It's human
health
data,
and
that
sort of thing,
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t
h
a
t
n
e
e
d
s
t
o
b
e
t
h
e
r
e
.
W
e
c
e
r
t
a
i
n
l
y
a
r
e
w
o
r
k
i
n
g
o
n
t
h
a
t
a
p
p
r
o
a
c
h
,
t
h
r
o
u
g
h
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
a
n
d
t
h
e
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
a
n
d
o
t
h
e
r
s
,
b
u
t
w
e
d
o
n
'
t
h
a
v
e
a
l
l
t
h
e
i
n
f
o
r
m
a
t
i
o
n
w
e
'
d
l
i
k
e
t
o
h
a
v
e
y
e
t
.
R
i
c
h
a
r
d
K
l
i
m
i
s
c
h
I
'
d
l
i
k
e
t
o
p
o
i
n
t
o
u
t
t
h
a
t
w
e
w
o
n
'
t
l
i
k
e
l
y
g
e
t
it
.
W
e
'
r
e
s
t
i
l
l
t
r
y
i
n
g
t
o
ﬁ
g
u
r
e
o
u
t
w
h
a
t
e
f
f
e
c
t
t
h
e
m
a
j
o
r
p
o
l
l
u
t
a
n
t
s
h
a
v
e
o
n
p
e
o
p
l
e
,
a
n
d
w
e
s
t
i
l
l
d
o
n
'
t
k
n
o
w
t
h
a
t
.
N
o
w
w
e
'
r
e
g
o
i
n
g
a
l
e
v
e
l
a
n
d
o
r
d
e
r
o
f
m
a
g
n
i
t
u
d
e
o
f
c
o
n
c
e
n
t
r
a
t
i
o
n
l
o
w
e
r
.
T
h
e
c
h
a
n
c
e
s
o
f
f
i
n
d
i
n
g
o
u
t
t
h
o
s
e
e
f
f
e
c
t
s
o
n
t
h
e
p
o
p
u
l
a
t
i
o
n
a
r
e
p
r
a
c
t
i
c
a
l
l
y
n
i
l
.
I'
d
l
i
k
e
t
o
c
o
m
e
b
a
c
k
to
t
h
e
i
d
e
a
a
b
o
u
t
a
s
a
m
p
l
e
r
e
p
o
s
i
t
o
r
y
.
S
o
m
e
m
a
y
m
a
k
e
s
e
n
s
e
.
F
o
r
e
x
a
m
p
l
e
,
f
i
l
t
e
r
s
a
m
p
l
e
s
w
h
i
c
h
w
i
l
l
a
l
l
o
w
y
o
u
t
o
g
o
b
a
c
k
a
n
d
l
o
o
k
a
t
w
h
a
t
‘
s
i
n
t
h
e
p
a
r
t
i
c
u
l
a
t
e
a
t
l
e
a
s
t
.
I
a
s
s
u
m
e
p
e
o
p
l
e
a
r
e
a
l
r
e
a
d
y
d
o
i
n
g
t
h
a
t
,
a
n
d
w
e
a
l
r
e
a
d
y
h
a
v
e
a
m
o
n
i
t
o
r
i
n
g
s
y
s
t
e
m
a
l
o
n
g
t
h
e
b
o
r
d
e
r
t
h
a
t
c
o
l
l
e
c
t
s
s
o
m
e
o
f
t
h
o
s
e
t
h
i
n
g
s
.
D
o
e
s
n
'
t
t
h
a
t
m
a
k
e
a
l
o
t
o
f
s
e
n
s
e
?
(
P
a
u
s
e
)
Apparently not.
L
o
v
e
l
l
R
i
c
h
i
e
L
e
t
m
e
a
n
s
w
e
r
,
n
e
i
g
h
b
o
r
.
Y
e
s
,
I
d
o
t
h
i
n
k
it
m
a
k
e
s
a
l
o
t
o
f
s
e
n
s
e
.
T
h
e
j
u
r
i
s
d
i
c
t
i
o
n
s
p
r
o
b
a
b
l
y
d
o
t
h
a
t
.
W
e
'
v
e
d
o
n
e
t
h
a
t
i
n
a
l
o
t
o
f
o
u
r
s
t
u
d
i
e
s
,
c
o
l
l
e
c
t
e
d
s
a
m
p
l
e
s
f
o
r
p
r
e
s
e
r
v
a
t
i
o
n
a
n
d
t
h
a
t
s
o
r
t
o
f
t
h
i
n
g
.
S
o
m
e
t
i
m
e
s
t
h
e
n
a
t
u
r
e
o
f
t
h
e
s
a
m
p
l
i
n
g
a
n
d
i
t
s
p
u
r
p
o
s
e
h
a
v
e
a
g
r
e
a
t
d
e
a
l
o
f
i
n
ﬂ
u
e
n
c
e
o
n
w
h
e
t
h
e
r
y
o
u
c
a
n
d
o
t
h
a
t
k
i
n
d
o
f
s
t
u
f
f
.
I
f
y
o
u
'
r
e
s
a
m
p
l
i
n
g
a
n
d
m
o
n
i
t
o
r
i
n
g
f
o
r
c
u
r
i
o
s
i
t
y
o
r
r
e
s
e
a
r
c
h
o
r
s
o
m
e
t
h
i
n
g
,
t
h
a
t
'
s
d
i
f
f
e
r
e
n
t
f
r
o
m
e
n
f
o
r
c
e
m
e
n
t
m
o
n
i
t
o
r
i
n
g
.
I
n
e
n
f
o
r
c
e
m
e
n
t
m
o
n
i
t
o
r
i
n
g
y
o
u
n
e
e
d
a
c
h
a
i
n
o
f
c
u
s
t
o
d
y
a
n
d
a
l
l
k
i
n
d
s
o
f
s
t
u
f
f
g
o
i
n
g
a
l
o
n
g
w
i
t
h
it
.
T
h
e
p
r
e
s
e
r
v
a
t
i
o
n
o
f
s
a
m
p
l
e
s
,
a
g
e
,
h
o
l
d
i
n
g
t
i
m
e
s
,
a
n
d
s
o
o
n
,
a
r
e
c
o
m
p
l
i
c
a
t
i
o
n
s
i
n
e
n
f
o
r
c
e
m
e
n
t
a
c
t
i
v
i
t
i
e
s
.
B
u
t
f
o
r
t
h
e
p
u
r
e
l
y
s
c
i
e
n
t
i
ﬁ
c
e
n
d
o
f
it
,
I
t
h
i
n
k
t
h
a
t
k
i
n
d
o
f
s
t
u
f
f
i
s
p
r
o
b
a
b
l
y
p
e
r
m
i
s
s
i
b
l
e
w
i
t
h
i
n
it
s
l
i
m
i
t
s
.
C
o
u
r
t
n
e
y
R
i
o
r
d
a
n
I
t
h
i
n
k
w
e
c
o
u
l
d
b
e
n
e
ﬁ
t
g
r
e
a
t
l
y
f
r
o
m
a
l
o
t
o
f
t
h
e
c
o
n
c
e
p
t
s
t
h
a
t
w
e
r
e
d
i
s
c
u
s
s
e
d
i
n
t
h
e
m
o
r
n
i
n
g
s
e
s
s
i
o
n
s
,
b
u
t
it
's
g
o
i
n
g
t
o
r
e
q
u
i
r
e
s
o
m
e
h
a
r
d
t
h
i
n
k
i
n
g
a
b
o
u
t
w
h
a
t
t
h
e
I
J
C
h
a
s
,
o
r
w
o
u
l
d
l
i
k
e
t
o
h
a
v
e
,
a
s
a
r
e
s
p
o
n
s
i
b
i
l
i
t
y
.
F
o
r
e
x
a
m
p
l
e
,
w
e
r
e
c
o
g
n
i
z
e
t
h
a
t
t
h
e
r
e
is
a
m
e
t
r
o
p
o
l
i
t
a
n
ef
fe
ct
,
a
n
d
t
h
i
n
g
s
t
h
a
t
t
h
e
U
S
.
d
o
e
s
o
r
C
a
n
a
d
a
d
o
e
s
i
n
t
e
r
m
s
o
f
e
n
e
r
g
y
p
o
l
i
c
y
c
a
n
h
a
v
e
e
f
f
e
c
t
s
o
n
t
h
e
i
r
r
e
s
p
e
c
t
i
v
e
e
n
v
i
r
o
n
m
e
n
t
s
.
P
e
r
h
a
p
s
s
o
m
e
t
h
i
n
g
t
h
a
t
w
e
d
o
i
n
t
h
e
U
S
.
i
n
t
e
r
m
s
o
f
e
n
e
r
g
y
p
o
l
i
c
y
c
o
u
l
d
h
a
v
e
a
n
i
m
p
a
c
t
i
n
t
e
r
m
s
o
f
t
h
e
g
a
s
p
i
p
e
l
i
n
e
o
r
i
n
t
e
r
m
s
o
f
t
h
e
t
a
r
s
a
n
d
s
d
e
v
e
l
o
p
m
e
n
t
i
n
C
a
n
a
d
a
.
B
u
t
is
t
h
a
t
t
h
e
e
x
t
e
n
t
t
o
w
h
i
c
h
I
J
C
w
a
n
t
s
t
o
g
e
t
i
n
v
o
l
v
e
d
i
n
t
e
r
m
s
o
f
r
e
l
a
t
i
v
e
i
m
p
a
c
t
s
o
n
w
a
t
e
r
r
e
s
o
u
r
c
e
s
?
I
w
o
u
l
d
s
u
g
g
e
s
t
t
h
a
t
u
p
t
o
n
o
w
,
c
e
r
t
a
i
n
l
y
,
t
h
e
I
J
C
h
a
s
n
'
t
e
x
t
e
n
d
e
d
it
s
s
y
s
t
e
m
s
c
o
n
c
e
p
t
t
o
t
h
a
t
d
e
g
r
e
e
,
b
u
t
r
a
t
h
e
r
f
o
c
u
s
e
d
p
r
i
m
a
r
i
l
y
o
n
w
h
a
t
I
w
o
u
l
d
c
a
l
l
d
i
r
e
c
t
t
r
a
n
s
b
o
u
n
d
a
r
y
e
f
f
e
c
t
s
,
n
a
m
e
l
y
t
h
e
p
h
y
s
i
c
a
l
m
o
v
e
m
e
n
t
o
f
m
a
s
s
a
c
r
o
s
s
t
h
e
b
o
r
d
e
r
s
a
n
d
t
h
e
a
s
s
o
c
i
a
t
e
d
i
m
p
a
c
t
s
u
p
o
n
a
i
r
o
r
w
a
t
e
r
q
u
a
l
i
t
y
.
H
o
w
e
v
e
r
,
t
h
a
t
'
s
a
p
e
r
s
o
n
a
l
p
o
i
n
t
o
f
v
i
e
w
.
I
t
h
i
n
k
it
's
s
o
m
e
t
h
i
n
g
t
h
e
I
J
C
s
h
o
u
l
d
t
h
i
n
k
a
b
o
u
t
w
h
e
n
it
u
l
t
i
m
a
t
e
l
y
si
ts
d
o
w
n
a
n
d
t
r
i
e
s
to
d
e
v
e
l
o
p
it
s
p
o
s
i
t
i
o
n
o
n
t
r
a
n
s
b
o
u
n
d
a
r
y
m
o
n
i
t
o
r
i
n
g
.
T
h
e
p
r
e
s
e
n
t
a
t
i
o
n
s
t
h
i
s
m
o
r
n
i
n
g
s
u
g
g
e
s
t
t
h
a
t
p
a
r
t
o
f
t
h
e
c
o
n
s
i
d
e
r
a
t
i
o
n
s
h
o
u
l
d
b
e
t
h
i
s
m
o
r
e
g
l
o
b
a
l
o
r
s
y
s
t
e
m
a
t
i
c
V
i
e
w
o
f
t
h
e
t
r
a
n
s
b
o
u
n
d
a
r
y
e
n
v
i
r
o
n
m
e
n
t
a
l
s
i
t
u
a
t
i
o
n
.
M
y
o
w
n
p
e
r
s
o
n
a
l
p
o
i
n
t
o
f
v
i
e
w
,
b
e
i
n
g
s
o
m
e
w
h
a
t
o
f
a
p
r
a
c
t
i
t
i
o
n
e
r
,
is
t
h
a
t
I
w
o
u
l
d
r
a
t
h
e
r
p
u
l
l
b
a
c
k
a
n
d
c
o
n
c
e
n
t
r
a
t
e
p
r
i
m
a
r
i
l
y
u
p
o
n
d
i
r
e
c
t
t
r
a
n
s
f
e
r
o
f
m
a
s
s
a
n
d
r
e
l
a
t
i
v
e
i
m
p
a
c
t
s
o
n
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
m
p
a
r
t
m
e
n
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
m
.
H
o
w
e
v
e
r
,
I
t
h
i
n
k
th
at
's
s
o
m
e
t
h
i
n
g
t
h
e
IJ
C
h
a
s
to
t
a
k
e
in
to
consideration.
J
o
h
n
B
l
o
d
g
e
t
t
A
n
y
o
n
e
w
a
n
t
to
c
o
m
m
e
n
t
o
n
t
h
a
t
?
Lo
ve
ll
Ri
ch
ie
I
t
h
i
n
k
s
o
m
e
t
i
m
e
s
w
e
j
us
t
so
rt
of
a
u
t
o
m
a
t
i
c
a
l
l
y
a
d
j
u
s
t
th
is
q
u
e
s
t
i
o
n
of
w
h
e
r
e
'
s
t
h
e
b
o
u
n
d
a
r
y
,
to
su
it
t
h
e
p
a
r
t
i
c
u
l
a
r
q
u
e
s
t
i
o
n
w
e
'
r
e
l
o
o
k
i
n
g
at
.
It
w
o
u
l
d
b
e
th
e
h
e
i
g
h
t
of
fo
ol
is
hn
es
s
to
lo
ok
a
l
o
n
g
th
e
i
n
t
e
r
n
a
t
i
o
n
a
l
b
o
u
n
d
a
r
y
t
h
r
o
u
g
h
t
h
e
c
e
n
t
e
r
of
t
h
e
s
e
l
a
k
e
s
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B
o
t
h
s
c
i
e
n
t
i
s
t
a
n
d
a
r
t
i
s
t
a
r
e
c
o
n
s
c
i
o
u
s
o
f
t
h
e
h
u
m
a
n
s
c
a
l
e
,
b
u
t
t
h
e
a
r
t
i
s
t
c
e
l
e
b
r
a
t
e
s
i
t
w
h
i
l
e
t
h
e
s
c
i
e
n
t
i
s
t
t
r
i
e
s
t
o
e
l
i
m
i
n
a
t
e
i
t
s
e
f
f
e
c
t
.
T
h
e
s
c
i
e
n
t
i
s
t
m
a
k
e
s
e
v
e
r
y
e
f
f
o
r
t
t
o
m
e
a
s
u
r
e
a
s
d
i
r
e
c
t
l
y
a
s
h
e
c
a
n
t
h
e
h
o
l
o
n
i
n
t
e
r
a
c
t
i
o
n
a
t
t
h
e
s
c
a
l
e
s
o
f
t
h
e
h
o
l
o
n
s
t
h
e
m
s
e
l
v
e
s
.
H
e
t
r
i
e
s
t
o
a
v
o
i
d
d
i
s
t
o
r
t
i
o
n
s
o
f
h
u
m
a
n
p
e
r
c
e
p
t
i
o
n
a
s
f
a
r
a
s
p
o
s
s
i
b
l
e
;
h
e
t
r
i
e
s
t
o
l
o
o
k
a
t
w
h
a
t
h
e
m
o
d
e
l
s
t
h
e
w
a
y
i
t
l
o
o
k
s
a
t
i
t
s
e
l
f
.
I
n
o
r
d
e
r
t
o
m
a
k
e
m
e
a
s
u
r
e
m
e
n
t
s
,
h
o
w
e
v
e
r
,
t
h
e
s
c
i
e
n
t
i
s
t
m
u
s
t
b
e
a
c
u
t
e
l
y
a
w
a
r
e
o
f
t
h
e
h
u
m
a
n
s
c
a
l
e
a
n
d
t
h
e
e
f
f
e
c
t
i
t
h
a
s
o
n
i
n
c
o
m
i
n
g
s
i
g
n
a
l
s
.
S
i
n
c
e
h
i
s
o
n
l
y
i
n
f
o
r
m
a
t
i
o
n
i
s
f
r
o
m
t
h
e
m
e
s
s
a
g
e
s
h
e
r
e
c
e
i
v
e
s
a
n
d
t
h
e
y
a
r
e
d
e
f
i
n
e
d
b
y
h
i
s
o
w
n
i
n
p
u
t
f
i
l
t
e
r
s
a
s
m
u
c
h
a
s
b
y
t
h
e
s
i
g
n
a
l
c
o
m
i
n
g
i
n
t
o
t
h
e
f
i
l
t
e
r
s
,
t
h
e
s
c
i
e
n
t
i
s
t
m
u
s
t
g
u
e
s
s
w
h
a
t
i
s
t
h
e
s
i
g
n
a
l
c
o
m
i
n
g
f
r
o
m
t
h
e
o
b
s
e
r
v
e
d
h
o
l
o
n
s
.
—
T
.
F
.
H
.
A
l
l
e
n
a
n
d
T
h
o
m
a
s
B.
S
t
a
r
r
,
H
i
e
r
a
r
c
h
y
:
P
e
r
s
p
e
c
t
i
v
e
s
f
o
r
E
c
o
l
o
g
i
c
a
l
C
o
m
p
l
e
x
i
t
y
(
1
9
8
2
)
Op
e
n
Q
u
e
s
t
i
o
n
/
R
e
s
p
o
n
s
e
S
e
s
s
i
o
n
A
l
a
n
C
l
a
r
k
e
P
l
e
a
s
e
d
i
r
e
c
t
q
u
e
s
t
i
o
n
s
t
o
e
i
t
h
e
r
m
e
m
b
e
r
s
o
f
t
h
i
s
a
f
t
e
r
n
o
o
n
'
s
p
a
n
e
l
o
r
t
h
o
s
e
p
e
r
s
o
n
s
w
h
o
m
a
d
e
presentations
this
m
o
r
n
i
n
g
.
C
l
a
y
t
o
n
E
d
w
a
r
d
s
I
d
o
n
'
t
b
e
l
i
e
v
e
a
n
y
b
o
d
y
h
a
s
a
n
s
w
e
r
e
d
J
i
m
K
i
n
g
h
a
m
'
s
q
u
e
s
t
i
o
n
[
E
d
.
N
o
t
e
:
s
e
e
p
.
1
7
7
—
1
7
8
.
]
o
f
"
W
h
y
w
o
u
l
d
w
e
try
to
m
o
n
i
t
o
r
m
o
r
e
t
h
a
n
we
'
r
e
m
o
n
i
t
o
r
i
n
g
n
o
w
,
or
t
a
k
e
w
h
a
t
w
e
a
r
e
m
o
n
i
t
o
r
i
n
g
n
o
w
a
n
d
f
o
r
m
u
l
a
t
e
it
in
terms
ofa
super
binational
situation?"
T
h
e
w
h
o
l
e
t
h
i
n
g
w
i
t
h
s
u
r
v
e
i
l
l
a
n
c
e
a
n
d
m
o
n
i
t
o
r
i
n
g
is
g
r
e
a
t
l
y
m
o
r
e
s
i
m
p
l
e
t
h
a
n
m
o
s
t
o
f
y
o
u
s
e
e
m
to
t
h
i
n
k
.
It's
m
y
belief
t
h
a
t
it's
n
o
t
h
i
n
g
m
o
r
e
t
h
a
n
a
n
a
c
c
u
m
u
l
a
t
i
o
n
of
facts,
t
h
e
"facts"
b
e
i
n
g
t
h
a
t
t
h
e
r
e
a
r
e
n
u
m
b
e
r
s
o
u
t
t
h
e
r
e
i
n
o
u
r
e
n
v
i
r
o
n
m
e
n
t
,
w
h
e
t
h
e
r
t
h
e
y
be
n
u
m
b
e
r
s
of
parts
per
m
i
l
l
i
o
n
s
o
f
a
c
h
e
m
i
c
a
l
,
n
u
m
b
e
r
s
o
f
fish,
o
r
w
h
a
t
e
v
e
r
.
N
o
w
,
all
we're
s
i
m
p
l
y
d
o
i
n
g
in
the
surveillance
a
n
d
m
o
n
i
t
o
r
i
n
g
n
e
t
w
o
r
k
is
c
o
m
p
i
l
i
n
g
those
n
u
m
b
e
r
s
.
W
h
e
n
y
o
u
a
s
k
the
question,
"
W
h
a
t
do
those
n
u
m
b
e
r
s
m
e
a
n
?
"
,
I
w
o
u
l
d
simply
suggest
that
y
o
u
ask
s
o
m
e
o
n
e
else,
s
o
m
e
o
n
e
who's
not
collecting
those
n
u
m
b
e
r
s
.
I
can
only
tell
y
o
u
w
h
a
t
they
m
e
a
n
in
terms
of
20
of
these
and
100
of
those.
In
m
y
opinion,
it's
no
different
from
having
a
surveillance
and
monitoring
system
for
the
number
of
missile
silos
in
Russia.
I
might
be
able
to
tell
you
h
o
w
m
a
n
y
silos
there
are,
but
I'm
not
the
one
to
be
asked
w
h
a
t
that
m
e
a
n
s
in
terms
of
the
safety
of
the
United
States.
Maybe
people
are
shy
in
answering
that
question
for
transboundary
monitoring.
They
agree
we
need
a
surveillance
and
monitoring
system,
because
we
need
to
have
these
numbers
in
order
for
someone
else
to
answer
that
question
somewhere
along
the
line.
Now
if,
in
fact,
the
funds
are
not
there,
then
the
decision's
been
made
for
us.
That's
a
very
simple
sort
of
answer,
because
we
need
those
numbers
to
eventually
make
decisions.
Now,
whether we
make
them
one
week
after the collection of the
 
n
u
m
b
e
r
s
,
o
r
5
0
y
e
a
r
s
d
o
w
n
t
h
e
r
o
a
d
f
r
o
m
t
h
e
collection
o
f
t
h
o
s
e
n
u
m
b
e
r
s
,
if
w
e
d
o
n
'
t
h
a
v
e
t
h
e
n
u
m
b
e
r
s
o
u
r
d
e
c
i
s
i
o
n
s
a
r
e
g
o
i
n
g
to
b
e
m
u
c
h
,
m
u
c
h
m
o
r
e
d
i
f
ﬁ
c
u
l
t
.
S
o
,
i
n
r
e
s
p
o
n
s
e
to
y
o
u
r
q
u
e
s
t
i
o
n
,
J
i
m
,
w
e
n
e
e
d
t
h
e
n
u
m
b
e
r
s
.
O
k
a
y
?
J
i
m
K
i
n
g
h
a
m
L
e
t
m
e
j
u
s
t
e
l
a
b
o
r
a
t
e
a
little
b
i
t
o
n
w
h
a
t
I
s
a
i
d
earlier.
I
d
o
n
'
t
w
a
n
t
y
o
u
to
g
e
t
t
h
e
i
m
p
r
e
s
s
i
o
n
t
h
a
t
I
'
m
a
n
"
a
n
t
i
-
m
o
n
i
t
o
r
i
n
g
"
p
e
r
s
o
n
,
b
e
c
a
u
s
e
I
'
m
n
o
t
.
I've
b
e
e
n
i
n
this
b
u
s
i
n
e
s
s
,
i
n
c
l
u
d
i
n
g
m
o
n
i
t
o
r
i
n
g
t
h
e
e
n
v
i
r
o
n
m
e
n
t
,
first
a
s
a
r
e
s
e
a
r
c
h
scientist
a
n
d
t
h
e
n
a
s
a
research
m
a
n
a
g
e
r
,
for
a
b
o
u
t
1
6
ye
a
r
s
n
o
w
.
O
n
e
of
the
t
h
i
n
g
s
that
a
m
a
z
e
s
m
e
a
b
o
u
t
e
n
v
i
r
o
n
m
e
n
t
a
l
science
a
n
d
m
o
n
i
t
o
r
i
n
g
is
that
a
l
m
o
s
t
all
the
m
a
j
o
r
p
r
o
b
l
e
m
s
h
a
v
e
c
o
m
e
to
o
u
r
attention,
n
o
t
b
y
carefully
t
h
o
u
g
h
t
-
o
u
t
m
o
n
i
t
o
r
i
n
g
—
l
o
o
k
i
n
g
for
t
h
e
r
i
g
h
t
t
h
i
n
g
s
—
b
u
t
b
y
accident:
c
a
t
a
s
t
r
o
p
h
e
!
H
o
w
d
i
d
w
e
l
e
a
r
n
a
b
o
u
t
m
e
r
c
u
r
y
?
W
a
s
it
b
e
c
a
u
s
e
w
e
w
e
r
e
o
u
t
m
o
n
i
t
o
r
i
n
g
m
e
r
c
u
r
y
in
t
h
e
e
n
v
i
r
o
n
m
e
n
t
,
a
n
d
w
e
realized
it
r
e
a
c
h
e
d
so
m
a
n
y
p
a
r
t
s
p
e
r
billion,
a
n
d
s
a
i
d
"
T
h
a
t
'
s
e
n
o
u
g
h
,
w
e
'
d
better
d
o
s
o
m
e
t
h
i
n
g
to
control
m
e
r
c
u
r
y
?
"
N
o.
It
w
a
s
b
e
c
a
u
s
e
s
o
m
e
t
h
i
n
g
w
e
n
t
w
r
o
n
g
in
M
i
n
a
m
a
t
a
.
T
h
e
s
a
m
e
t
h
i
n
g
w
i
t
h
P
C
B
s
:
It
w
a
s
t
h
a
t
rice
p
a
c
k
i
n
g
-
p
l
a
n
t
p
r
o
b
l
e
m
in
Japan.
H
o
w
did
w
e
learn
a
b
o
ut
p
r
o
b
l
e
m
s
with
D
D
T
a
n
d
d
i
o
xi
n
s
?
S
o
m
e
b
o
d
y
h
a
p
p
e
n
e
d
to
notice
t
h
a
t
gull
e
g
g
s
weren't
hatching
very
well,
and
they
decided
they'd
better
look
into
w
h
y
they
weren't
hatching.
[Ed.
Note:
See
Figure
10,
p.
184.]
They
weren't
monitoring
for
D
D
T
in
the
environment
speciﬁcally;
idem
with
the
cadmium
problem.
And
the
last
16
years
in
this
business
have
been
a
terrible
record
for
us
to
put
before
the
public,
in
terms
of
our
inability
to
monitor
in
advance
and
to
describe
what
is
about to happen.
T
h
e
point
I
w
a
s
trying
to
m
a
k
e
is
that
w
e
find
ourselves
continually
challenged
about
what
we're
going
to
do
with
taxpayers'
m
o
n
e
y
by
w
a
y
of
protecting
the
taxpayer.
It's
a
question
of
competing
demands,
all
of
which
are
legitimate.
—
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Others
say, "Well,
I'm going
to design a widget.
This
widget is going
to cut the concentration of compound
x to
1/10th ofits current value, and we know that compound x
is toxic."
We
say, "Well, we're going to do, through IJC, a
joint monitoring program with Canada and the U.S.; and
we're going to put
10 million bucks
into improving
the
system." Then the treasury ofﬁcials ask, "And then what
are you going to do?".
And
how
do
we
respond?
We
say
that
it is implicit
under the IJC that administrations will do something
about the problem. That is, if it's in a given province or a
given state, something will be done about it. "Well, what
are you going to do about it?"
"Well, we'll make
the
information known to administrations."
They look at these two things and conclude, on the one
hand we can get a reduction of 90% in toxic compound x.
On the other hand, we can get some data (these scientists
always want data), but they can't tell us that they're
going to deliver anything in the way of reductions. We'll
go along with the project that reduces compound x by 90%.
So, somehow we have to describe that in our work. It's
not that our work is illegitimate; it's just that we have to
be able to demonstrate that we're going to do something
with it, so that those who can provide the resources will be
willing to do so. That's the point I was trying to make.
Richard Klimisch I'd like to disagree with the gentleman.
I thought the whole point of this thing was that we ought
to find out what numbers we need before we go out and
measure. The problem is, we've been measuring things
because we can measure them. The one measurement
we've been making for a long time is TSP (total suspended
particulates), and we've known for a long time that's a
dumb measurement. It doesn't mean anything. The
things we should be measuring are small particles, and in
a lot of places that's just suspended dirt and doesn't mean
anything. But, we keep measuring it.
James Miller
I'd like to make comment about the esoteric
materials
provided
and
the
possible
relevance
to these
very practical problems.
I agree that, in some sense of the word at least, the
materials on general systems theory were esoteric, but I
think they have highly practical implications. Some
interesting
studies
done
by
a
biochemist/economist
suggested that, as we get more and more complex
biological systems, through the progress of organic
evolution, you find a higher and higher percentage of the
total effort of living systems devoted to information
processing as compared to matter-energy processing. We
find, in modern times, that this is true in many
corporations; and it's also true in government agencies.
Let's take the military, an excellent example, where an
increasing percentage of the total effort is toward
information collection.
Now, if you are going to spend hundreds of millions, if
not billions, of dollars for making some sort of change or
correction in some of the serious environmental problems
that have already been recognized, it's probably better to
do so with a certain amount of information. Just like it's a
good idea to pay 25¢ to buy a newspaper before you decide
what kind of stock to buy, even though that diminishes
your total capital to some extent.
The real question, then, is, "What should be the
appropriate proportion of the total expenditure for
ecological/environmental problems devoted to information
processing, as compared to the actual operations
themselves of matter-energy processing, which are carried
out in order to bring these changes about?"
l.
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N
o
w
,
t
o
m
a
k
e
t
h
o
s
e
d
e
t
e
r
m
i
n
a
t
i
o
n
s
,
i
t
'
s
n
e
c
e
s
s
a
r
y
t
o
l
o
o
k
a
t
t
h
e
n
e
s
t
i
n
g
o
f
b
i
o
l
o
g
i
c
a
l
a
n
d
s
o
c
i
a
l
s
y
s
t
e
m
s
i
n
t
h
e
w
a
y
t
h
e
y
h
a
p
p
e
n
t
o
b
e
o
r
g
a
n
i
z
e
d
h
i
e
r
a
r
c
h
i
c
a
l
l
y
.
W
e
'
v
e
h
e
a
r
d
,
i
n
t
h
i
s
p
a
n
e
l
t
o
d
a
y
,
r
e
f
e
r
e
n
c
e
s
t
o
i
n
d
i
v
i
d
u
a
l
m
o
l
e
c
u
l
e
s
o
f
t
o
x
i
n
s
l
i
k
e
m
e
r
c
u
r
y
,
l
e
a
d
,
o
r
o
t
h
e
r
m
e
t
a
l
s
.
T
h
e
n
t
h
e
r
e
a
r
e
t
h
e
o
r
g
a
n
i
c
t
o
x
i
n
s
,
w
h
i
c
h
a
r
e
m
u
c
h
m
o
r
e
d
a
n
g
e
r
o
u
s
i
n
t
h
e
s
e
n
s
e
t
h
a
t
t
h
e
y
m
a
y
i
n
t
e
r
f
e
r
e
w
i
t
h
t
h
e
i
n
f
o
r
m
a
t
i
o
n
—
s
i
g
n
a
l
i
n
g
s
y
s
t
e
m
i
n
b
i
o
l
o
g
i
c
a
l
o
r
g
a
n
i
s
m
s
,
h
o
r
m
o
n
a
l
s
i
g
n
a
l
s
,
a
n
d
t
h
i
n
g
s
o
f
t
h
i
s
s
o
r
t
.
N
o
w
,
a
l
l
t
h
i
s
i
s
b
e
l
o
w
t
h
e
l
e
v
e
l
o
f
t
h
e
c
e
l
l
.
W
h
e
n
y
o
u
g
e
t
u
p
t
o
c
e
l
l
s
y
o
u
ﬁ
n
d
,
o
f
c
o
u
r
s
e
,
c
e
r
t
a
i
n
t
y
p
e
s
o
f
s
p
e
c
i
a
l
i
s
t
s
d
e
a
l
i
n
g
w
i
t
h
t
h
e
s
e
t
h
i
n
g
s
.
T
h
e
r
e
a
r
e
p
a
t
h
o
l
o
g
i
s
t
s
o
f
ﬁ
s
h
o
r
p
a
t
h
o
l
o
g
i
s
t
s
o
f
h
u
m
a
n
b
e
i
n
g
s
t
h
a
t
a
r
e
l
o
o
k
i
n
g
p
r
i
m
a
r
i
l
y
a
t
c
e
l
l
s
,
a
n
d
t
h
e
i
r
w
o
r
k
i
s
a
t
t
h
e
c
e
l
l
u
l
a
r
—
o
r
g
a
n
l
e
v
e
l
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
w
e
h
a
v
e
l
a
r
g
e
n
u
m
b
e
r
s
o
f
p
h
y
s
i
c
i
a
n
s
a
n
d
v
e
t
e
r
i
n
a
r
i
a
n
s
,
w
h
o
a
r
e
c
o
n
c
e
r
n
e
d
a
t
t
h
e
o
r
g
a
n
i
s
m
l
e
v
e
l
.
T
h
e
r
e
l
a
t
i
o
n
s
b
e
t
w
e
e
n
t
h
e
s
e
l
e
v
e
l
s
h
a
v
e
t
o
b
e
c
l
a
r
i
ﬁ
e
d
,
a
n
d
t
h
a
t
i
s
n
'
t
s
i
m
p
l
e
.
R
e
f
e
r
e
n
c
e
s
h
a
v
e
b
e
e
n
m
a
d
e
a
l
r
e
a
d
y
t
o
t
h
a
t
f
a
c
t
t
h
a
t
y
o
u
d
o
n
o
t
k
n
o
w
w
h
a
t
c
e
r
t
a
i
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
p
o
l
l
u
t
a
n
t
s
a
r
e
g
o
i
n
g
t
o
d
o
f
o
r
t
h
e
h
e
a
l
t
h
,
o
r
il
l
h
e
a
l
t
h
,
o
f
i
n
d
i
v
i
d
u
a
l
o
r
g
a
n
i
s
m
s
.
A
g
o
o
d
d
e
a
l
o
f
t
h
i
s
i
s
f
a
i
r
l
y
p
r
i
m
i
t
i
v
e
.
I
n
t
h
e
l
a
s
t
y
e
a
r
o
f
t
h
e
K
e
n
n
e
d
y
a
d
m
i
n
i
s
t
r
a
t
i
o
n
,
F
r
a
n
c
e
s
K
e
l
s
e
y
d
i
s
c
o
v
e
r
e
d
t
h
a
t
b
a
b
i
e
s
w
e
r
e
b
e
i
n
g
b
o
r
n
w
i
t
h
o
u
t
a
r
m
s
a
n
d
l
e
g
s
;
s
o
o
n
e
o
f
t
h
e
ﬁ
r
s
t
t
h
i
n
g
s
t
h
a
t
h
a
p
p
e
n
e
d
i
n
t
h
e
L
y
n
d
o
n
J
o
h
n
s
o
n
a
d
m
i
n
i
s
t
r
a
t
i
o
n
w
a
s
t
o
g
e
t
t
h
r
o
u
g
h
t
h
e
s
o
-
c
a
l
l
e
d
"
K
e
l
s
e
y
b
i
l
l
"
,
n
a
m
e
d
f
o
r
h
e
r
.
T
h
a
t
w
a
s
t
h
e
ﬁ
r
s
t
t
i
m
e
e
v
e
r
i
n
A
m
e
r
i
c
a
n
h
i
s
t
o
r
y
t
h
a
t
t
h
e
F
o
o
d
a
n
d
D
r
u
g
A
d
m
i
n
i
s
t
r
a
t
i
o
n
w
a
s
r
e
q
u
i
r
e
d
t
o
i
n
d
i
c
a
t
e
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
n
h
e
a
l
t
h
o
f
a
d
r
u
g
.
U
p
t
o
t
h
a
t
t
i
m
e
t
h
e
y
p
a
i
d
a
t
t
e
n
t
i
o
n
,
n
o
t
t
o
t
h
e
b
e
n
e
ﬁ
t
s
,
b
u
t
o
n
l
y
t
o
t
h
e
t
o
x
i
c
i
t
y
.
A
n
d
t
h
a
t
w
a
s
n
'
t
v
e
r
y
l
o
n
g
a
g
o
.
S
o
,
y
o
u
h
a
v
e
h
e
r
e
a
s
i
t
u
a
t
i
o
n
w
h
e
r
e
w
e
d
o
n
o
t
h
a
v
e
p
h
y
s
i
c
i
a
n
s
o
r
d
i
n
a
r
i
l
y
t
r
a
i
n
e
d
t
o
e
v
a
l
u
a
t
e
t
h
e
i
m
p
a
c
t
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
i
n
t
h
e
e
n
v
i
r
o
n
m
e
n
t
o
n
h
e
a
l
t
h
o
r
l
a
c
k
o
f
h
e
a
l
t
h
.
g
—
4
-
-
—
I
n
d
e
e
d
,
w
e
h
a
v
e
w
h
o
l
e
a
r
e
a
s
o
f
v
a
r
i
a
b
l
e
s
t
h
a
t
n
e
e
d
t
o
b
e
m
e
a
s
u
r
e
d
t
h
a
t
c
a
n
b
e
i
d
e
n
t
i
f
i
e
d
b
y
s
u
c
h
a
n
o
r
i
e
n
t
a
t
i
o
n
.
A
b
o
v
e
t
h
a
t
y
o
u
g
e
t
i
n
t
o
h
o
w
t
h
i
s
a
l
l
ﬁ
t
s
i
n
t
o
t
h
e
s
o
c
i
a
l
s
y
s
t
e
m
.
I
s
t
h
i
s
s
o
m
e
t
h
i
n
g
t
h
a
t
i
s
r
e
g
i
o
n
a
l
?
I
s
t
h
i
s
s
o
m
e
t
h
i
n
g
t
h
a
t
i
s
l
o
c
a
l
f
o
r
a
g
i
v
e
n
c
i
t
y
,
w
h
e
r
e
y
o
u
h
a
v
e
,
a
s
w
e
h
e
a
r
d
e
a
r
l
i
e
r
t
o
d
a
y
,
o
n
l
y
o
n
e
m
o
n
i
t
o
r
i
n
g
g
a
d
g
e
t
f
o
r
c
a
r
b
o
n
m
o
n
o
x
i
d
e
a
n
d
it
i
s
n
'
t
w
o
r
k
i
n
g
r
i
g
h
t
?
I
t
i
s
s
o
m
e
t
h
i
n
g
t
h
a
t
h
a
s
t
o
b
e
s
e
t
t
l
e
d
a
t
t
h
e
n
e
x
t
h
i
g
h
e
r
l
e
v
e
l
,
w
h
i
c
h
i
s
t
h
e
r
e
g
i
o
n
a
l
l
e
v
e
l
,
o
r
t
h
e
l
e
v
e
l
o
f
t
h
e
s
t
a
t
e
o
r
p
r
o
v
i
n
c
e
,
o
r
a
t
t
h
e
l
e
v
e
l
o
f
a
n
a
t
i
o
n
,
o
r
s
u
p
r
a
n
a
t
i
o
n
a
l
l
y
.
T
h
i
s
b
u
s
i
n
e
s
s
o
f
t
h
e
s
e
n
e
s
t
e
d
l
e
v
e
l
s
o
f
t
h
i
n
g
s
,
a
n
d
t
h
e
f
a
c
t
t
h
a
t
s
p
e
c
i
a
l
i
s
t
s
a
r
e
i
n
t
e
r
e
s
t
e
d
i
n
p
a
r
t
i
c
u
l
a
r
l
e
v
e
l
s
a
n
d
d
o
n
'
t
e
v
e
n
r
e
a
d
t
h
e
l
i
t
e
r
a
t
u
r
e
o
f
t
h
e
o
t
h
e
r
l
e
v
e
l
s
,
s
o
m
e
h
o
w
m
u
s
t
b
e
d
e
a
l
t
w
i
t
h
.
I
f
t
h
i
s
i
s
e
s
o
t
e
r
i
c
t
o
t
r
y
t
o
g
e
t
a
s
y
s
t
e
m
w
h
e
r
e
b
y
y
o
u
c
a
n
m
a
k
e
a
c
e
r
t
a
i
n
r
a
t
i
o
n
a
l
i
t
y
o
u
t
o
f
t
h
i
s
,
n
o
t
j
u
s
t
f
o
r
t
h
e
p
r
o
b
l
e
m
o
f
t
h
e
e
c
o
l
o
g
y
,
b
u
t
i
n
o
t
h
e
r
f
i
e
l
d
s
o
f
h
u
m
a
n
e
n
d
e
a
v
o
r
i
n
o
u
r
c
o
m
p
l
e
x
li
fe
,
t
h
e
n
I
t
h
i
n
k
t
h
a
t
'
s
a
s
t
r
a
n
g
e
u
s
e
o
f
t
h
e
w
o
r
d
e
s
o
t
e
r
i
c
.
D
o
n
W
i
l
l
i
a
m
s
C
a
n
I
r
e
s
p
o
n
d
t
o
t
h
a
t
?
A
l
a
n
C
l
a
r
k
e
G
o
a
h
e
a
d
,
D
o
n
.
D
o
n
W
i
l
l
i
a
m
s
F
i
r
s
t
o
f
al
l,
p
e
r
h
a
p
s
"
e
s
o
t
e
r
i
c
"
i
s
n
'
t
t
h
e
t
e
r
m
I
m
e
a
n
t
i
n
t
e
r
m
s
o
f
t
h
e
m
a
t
e
r
i
a
l
i
t
s
e
l
f
.
I
l
i
k
e
r
e
a
d
i
n
g
I
l
y
a
P
r
i
g
o
g
i
n
e
a
n
d
h
i
s
d
i
s
s
i
p
a
t
i
v
e
s
t
r
u
c
t
u
r
e
t
h
e
o
r
y
.
I
g
u
e
s
s
w
h
a
t
I
w
a
s
r
e
f
e
r
r
i
n
g
t
o
i
s
t
h
e
f
a
c
t
t
h
a
t
t
o
m
e
,
s
u
r
v
e
i
l
l
a
n
c
e
i
s
a
v
e
r
y
p
r
a
c
t
i
c
a
l
a
n
d
p
r
a
g
m
a
t
i
c
t
y
p
e
o
f
t
h
i
n
g
,
y
e
t
w
e
s
e
e
m
t
o
h
a
v
e
g
o
n
e
t
h
r
o
u
g
h
s
o
m
a
n
y
p
l
a
n
n
i
n
g
c
y
c
l
e
s
,
s
o
m
a
n
y
r
e
—
i
n
v
e
n
t
i
n
g
w
h
e
e
l
s
.
It
's
a
l
m
o
s
t
l
i
k
e
a
c
y
c
l
o
i
d
.
W
e
n
e
v
e
r
s
e
e
m
t
o
b
e
a
b
l
e
t
o
c
l
o
s
e
t
h
e
c
i
r
c
l
e
.
M
a
y
b
e
w
e
m
o
v
e
a
li
tt
le
b
i
t
f
o
r
w
a
r
d
,
b
u
t
w
e
a
l
w
a
y
s
s
e
e
m
t
o
t
a
k
e
a
b
o
u
t
t
h
r
e
e
s
t
e
p
s
b
a
c
k
.
W
h
a
t
I
'
m
s
a
y
i
n
g
i
s
t
h
a
t
w
e
'
r
e
v
e
r
y
e
f
f
e
c
t
i
v
e
i
n
d
o
i
n
g
t
h
e
f
r
o
n
t
—
e
n
d
p
l
a
n
n
i
n
g
a
n
d
t
h
e
c
o
n
c
e
p
t
u
a
l
i
z
a
t
i
o
n
.
W
e
'
v
e
d
o
n
e
it
f
o
r
y
e
a
r
s
.
W
e
'
v
e
d
o
n
e
it
t
h
r
o
u
g
h
t
h
e
I
J
C
s
t
r
u
c
t
u
r
e
i
n
t
e
r
m
s
o
f
t
h
e
i
n
t
e
r
n
a
t
i
o
n
a
l
s
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
.
B
u
t
w
h
e
n
it
c
o
m
e
s
d
o
w
n
t
o
a
c
t
u
a
l
l
y
d
o
i
n
g
it
i
n
t
h
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
p
h
a
s
e
,
i
n
a
c
o
o
r
d
i
n
a
t
e
d
 fashion,
on
a
Great
Lakes
Basin
basis,
it
never
seems
to
get done.
Lester
Milbrath
I
don't
really
want
to
steal
the
thunder
from
the
audience,
but
s
o
m
e
thoughts
have
c
o
m
e
up
that
might
be
helpful
in
the
discussion.
O
n
that
end
of
the
table,
you
have
a
whole
cluster
of natural
scientists
and
on
this
end
of
the
table,
we
have
three
social
scientists.
W
e
had
another
one
here
this
morning.
It
seems
to
m
e
that
the
people
who
planned
this
workshop
were
not
simply
asking
the
question,
"How
could
we
develop
a
better
monitoring
system?"
They
were
also
asking,
and
I'm
asking,
"How
can
we
enlarge
the
decisional
structure?"
D
o
monitoring
systems
feed
back
on
decisions
and
decisions feed back on monitoring structures?
M
a
n
y
of
the
people
who
have
spoken
on
that
end
of
the
table
have
said, "Decisions will
shape
monitoring
and
the
decisional
system
will
decide
how
it
uses
monitoring
data."
So,
you
really
can't talk
about
a
monitoring
system
without
also talking
about
a
decisional
system.
The
plea
from
the
social
scientists
is
that
your
decisional
system,
our
decisional
system,
is
too
small.
It
would
be
very
disruptive; and I recognize that; and I'm not dreaming that
we're going to have it tomorrow.
But at least I think you
need
to know
that
when
we
just gather
natural
scientiﬁc
data, it's not going to ﬁt well with the political decisional
structure, because that structure is not large enough, not
encompassing enough; and we're very reluctant to change
it.
Vinton Bacon My name is Vinton Bacon. I am professor
emeritus of Civil Engineering from the University of
Wisconsin, and I'm also co-chairman from the US. Section
of the Science Advisory Board of IJC. I'm going to share
briefly with you a situation that I was involved in, in the
state of California. Maybe we can glean some ideas out of
it.
Before
doing
so,
I'd
like
to
say
I'm
quite
amazed,
in
m
y
short
tenure
with
the
Science
Advisory
Board,
to
ﬁnd
out
the
large
bodies
of
monitoring
data
being
gathered
without
being
able
to,
we'll
say,
really
easily
orient
one
with
the
other.
N
ow,
I'm
assuming
that
this
conference
is
going
to
come
up
with
some
very
constructive
suggestions
as
to what
might
be
done
if something
is needed.
In
other
words,
do
we
need
additional
information
that
we're
not
getting
in
our
local
monitoring
programs?
I
also
know
that
most
monitoring
that
I'm
familiar
with
is
done
for
enforcement.
Some
of it is for scientiﬁc
work
in
very
broad
areas.
In
1956,
the
city
of
Los
Angeles
wanted
to
extend
its
one-mile-long
outfall
out
ﬁve
miles,
and
it
wanted
to
add
an
outfall
seven
miles
long
for
the
disposal
of sludge.
Now,
this is unheard
of in
regulatory
management.
They
also
wanted
to
downgrade
their
degree
of
treatment,
and
the
California
State
Water
Pollution
Control
Board
allowed
them
to do
that.
I was
head
of the
staff and
head
of the
California
Board
program
at
that
time.
But
here's
what
they did.
All
the
way
from
Palos
Verdes
to
Malibu
Beach,
which
is
20—some
miles,
they
imposed
the
strictest
monitoring
program
that
has
ever
been
imposed
upon
a
discharger,
as
far
as
I
know.
(It's
reported
in
the
Journal
of
the
Water
Pollution
Control
Federation.)
The
key
is
that
the
discharger had
to pay
the bill.
Nothing was
imposed
upon
the
California
government
or
upon
the
federal
government.
The
discharger
was
told,
"If you're
going
to
take
this permit, you're going
to do
this"; and
they've
done
it since
1956.
So,
recently,
in
order
to bring
the
various
discharge
regulations
under
one
umbrella,
San
Diego
County,
Orange
County,
Los
Angeles
County,
and
Ventura
County got together to ﬁll in the gaps between
all
of these individual monitoring programs.
They're
doing it
solely to keep track of the health of those waters.
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No
w
th
e
di
sc
ha
rg
es
th
em
se
lv
es
pr
es
um
ab
ly
ar
e
un
de
r
co
nt
ro
l,
bu
t
th
er
e
ar
e
ga
ps
,
an
d
th
at
's
re
al
ly
wh
at
we
'r
e
ma
yb
e
ta
lk
in
g
ab
ou
t
he
re
.
An
d
I l
ik
e
th
e
at
ti
tu
de
of
th
e
ma
n
fr
om
Mi
nn
es
ot
a,
Mr
.
Ri
ch
ie
.
Yo
u'
ve
go
t
to
ge
t
st
ar
te
d
on
it
so
me
wh
er
e.
Yo
u
ca
n'
tj
us
t
si
t a
nd
wa
tc
h
it
go
by
.
So
,
I w
ou
ld
ho
pe
th
at
, o
ut
of
thi
s,
yo
u
pe
op
le
wo
ul
d
he
lp
th
e
IJ
C
an
d
th
e
S
A
B
an
d
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
by
gi
vi
ng
as
ma
ny
co
ns
tr
uc
ti
ve
co
mm
en
ts
as
yo
u
ca
n.
I'
ve
tr
ie
d
to
add one here. Thank you.
Ge
or
ge
Be
ck
in
g
I'
m
Ge
or
ge
Be
ck
in
g,
th
e
In
te
rn
at
io
na
l
Pr
og
ra
m
on
Ch
em
ic
al
Sa
fe
ty
fr
om
th
e
Wo
rl
d
He
al
th
Or
ga
ni
za
ti
on
an
d
fo
rm
er
ly
ch
ai
rm
an
of
th
e
He
al
th
Ef
fe
ct
s
Co
mm
it
te
e
in
th
e
IJ
C.
I'
d
li
ke
to
pi
ck
up
fr
om
Dr
.
Ba
co
n
an
d
wh
at
Dr
.
Mi
ll
er
ha
s
sa
id
.
I
ho
pe
th
at
de
ve
lo
pm
en
t
of
a
tr
an
sb
ou
nd
ar
y
mo
ni
to
ri
ng
ne
tw
or
k
wo
ul
d
in
de
ed
in
cl
ud
e
so
me
fo
rm
of
he
al
th
ef
fe
ct
s
mo
ni
to
ri
ng
,
or
at
le
as
t
wh
at
wa
s
ur
ge
d
fo
ur
ye
ar
s
ag
o
by
th
e
IJ
C
He
al
th
Ef
fe
ct
s
Co
mm
it
te
e,
i.
e.
,
so
me
ch
an
ge
in
th
e
mo
ni
to
ri
ng
pr
og
ra
m
fo
r
th
e
Gr
ea
t
La
ke
s
in
or
de
r
to
ob
ta
in
h
um
a
n
ex
po
su
re
da
ta
-—
at
th
e
ve
ry
le
as
t
th
at
;
bu
t,
ho
pe
fu
ll
y,
he
al
th
ef
fe
ct
s
as
we
ll
.
[E
d.
No
te
:
Se
e
Ap
pe
nd
ix
C,
pp
.
60
9-
62
4.
]
Lo
ve
ll
is
qu
it
e
ri
gh
t,
it'
s
ve
ry
ex
pe
ns
iv
e,
bu
t
I
do
n'
t
th
in
k
th
e
ch
an
ce
s
of
ﬁn
di
ng
th
in
gs
ar
e
ni
l
if
yo
u
us
e
th
e
ri
gh
t
te
ch
ni
qu
es
.
Ep
id
em
io
lo
gi
st
s,
Dr
.
Kl
im
is
ch
no
tw
it
hs
ta
nd
in
g,
ar
e
no
lo
ng
er
co
un
ti
ng
th
e
bo
di
es
;
th
ey
ar
e
st
ud
yi
ng
ef
fe
ct
s
on
im
mu
ne
an
d
on
ot
he
r
or
ga
n
sy
st
em
s.
Th
is
ty
pe
of
me
th
od
ol
og
y
co
ul
d
be
in
co
rp
or
at
ed
in
a
tr
an
sb
ou
nd
ar
y
mo
ni
to
ri
ng
pr
og
ra
m
ve
ry
ea
si
ly
,
pa
rt
ic
ul
ar
ly
wh
en
yo
u
ha
ve
la
rg
e
in
du
st
ri
es
wi
th
oc
cu
pa
ti
on
al
ph
ys
ic
ia
ns
to
lo
ok
at
si
mi
la
r
he
al
th
ef
fe
ct
s
in
th
e
wo
rk
er
s.
Th
ei
r
fi
nd
in
gs
ca
n
be
ea
si
ly
re
la
te
d
to
th
e
en
vi
ro
nm
en
ta
l
ex
po
su
re
s.
I d
o
ag
re
e
wi
th
Dr
.
Mi
ll
er
.
We
do
ha
ve
to
ge
t
fr
om
th
e
cel
l
up
to
th
e
wh
ol
e
or
ga
ni
sm
.
Th
en
, I
wo
ul
d
say
, o
n t
o t
he
soc
ial
sc
ie
nc
e o
f h
ow
th
at
ﬁt
s
in
to
so
ci
et
y
(p
er
ce
pt
io
n o
f r
isk
).
So
, w
e
sh
ou
ld
tr
y
to
lo
ok
at
th
at
to
mo
rr
ow
in
a
lit
tle
mo
re
de
pt
h.
Th
an
k
yo
u
ve
ry
much.
Ha
rv
ey
Sa
ch
s
My
na
me
is
Ha
rv
ey
Sa
ch
s.
I'
m
a
co
ns
ul
ta
nt
.
I h
av
e
in
th
e
pa
st
be
en
a
ge
ne
ra
to
r o
f d
ata
.
I'
m
an
av
id
us
ero
f d
at
a,
an
d
I'
m
a
lit
tle
bi
t u
nh
ap
py
wi
th
so
me
of
th
e i
mp
li
ca
ti
on
s o
f s
om
e
of
th
e t
hi
ng
s D
r.
Kl
im
is
ch
has said.
A
cy
ni
c
on
ce
ob
se
rv
ed
th
at
th
e
re
al
fu
nc
ti
on
of
pr
op
os
al
s
an
d
pr
op
os
al
re
vi
ew
s
wa
s
me
re
ly
to
de
cr
ea
se
ac
ad
em
ic
pr
od
uc
ti
vi
ty
by
a
fa
ct
or
of
tw
o,
be
ca
us
e
th
at
wa
y
we
co
ul
d
ma
in
ta
in
a
re
ad
y
re
se
rv
e
of
ab
il
it
y
to
so
lv
e
pr
ob
le
ms
if w
e e
ver
ne
ed
ed
it.
A
nec
ess
ary
an
d s
ufﬁ
cie
nt
jus
tif
ica
tio
n
for
su
rv
ei
ll
an
ce
mo
ni
to
ri
ng
is
al
mo
st
th
at
th
is
is
an
ex
er
ci
se
th
at
co
nt
in
ua
ll
y
pu
sh
es
th
e
ed
ge
of
th
e
en
ve
lo
pe
, d
ri
ve
s u
s t
o g
en
er
at
e b
et
te
r m
et
ho
ds
,
an
d
dr
iv
es
us
to
le
ar
n m
or
e
ab
ou
t h
ow
to
ma
ke
me
as
ur
em
en
ts
.
It
is,
in
a s
en
se
, a
tr
ai
ni
ng
, a
re
ad
y
re
se
rv
e.
We
ca
n'
t r
ea
ll
y t
al
k
ab
ou
t
th
at
in
pu
bl
ic
.
Th
at
re
se
rv
e
ex
is
ts
so
th
at
wh
en
we
do
hav
e p
rob
lem
s,
we
can
res
pon
d q
uic
kly
wit
h m
eth
ods
wh
ic
h
ar
e
li
ke
ly
to
ﬁn
d
th
e
ca
us
es
.
Th
at
's
an
un
us
ua
l
pe
rs
pe
ct
iv
e;
it'
s
he
re
ti
ca
l;
it'
s
no
t
sp
ok
en
,
bu
t
it
ma
y
almost be sufﬁcient in itself.
I p
er
so
na
ll
y b
eli
eve
, t
ho
ug
h,
th
at
th
e r
ea
so
ns
to
do
lo
w—
lev
el
en
vi
ro
nm
en
ta
l
mo
ni
to
ri
ng
,
th
e
pa
rt
s
pe
r
tri
lli
on
mo
ni
to
ri
ng
th
at
we
dec
ry,
ar
e m
uc
h
mo
re
pr
of
ou
nd
.
Fr
om
my
ow
n
exp
eri
enc
e
the
se
dat
a
are
lik
ely
to
ha
ve
rea
l
imp
lic
ati
ons
for
spa
tia
l a
nd
te
mp
or
al
mod
eli
ng.
Th
ey
are
ba
se
li
ne
dat
a.
We
do
no
t
kn
ow
ho
w
we
wil
l
be
ab
le
to
bu
il
d o
n
th
em
,
bu
t
th
e i
mm
ed
ia
te
uti
liz
ati
on
in
te
rm
s
of
tr
ac
er
st
ud
ie
s
ma
y
be
gr
ea
t,
if
we
ar
e
ge
ne
ra
ti
ng
hi
gh
quality data.
Fin
all
y,
I'd
ma
ke
a
co
mm
en
t
on
ep
id
em
io
lo
gy
.
In
a
se
mi
na
l
pa
pe
r
ab
ou
t
10
ye
ar
s
ag
o,
Al
vi
n
We
in
be
rg
re
ma
rk
ed
on
the
exi
ste
nce
of
a
cla
ss
of
tra
ns-
sci
ent
ifi
c
que
sti
ons
.
Thi
s
ref
ers
to
que
sti
ons
wh
ic
h
cou
ld
be
ph
ra
se
d
as
rig
oro
usl
y
tes
tab
le
hyp
oth
ese
s,
bu
t
for
wh
ic
h
the
an
sw
er
s c
oul
d
not
be
fo
un
d b
y t
he
sci
ent
iﬁc
a sufficient diversity?
  
  
method.
One class of
such problems would
be those for which ethical
restrictions preclude experiments.
Another is problems with very small expected
signals. The signals were too small. Parts per trillion may
  
  
be in
that category.
Nonetheless, we
have, thanks to EPA
a
n
d
m
a
n
y
other
estimators
of risk,
some
methods
for
doing
extrapolations.
And
until we
know
what
the
doses
are,
until
we
know
what
the
exposures
are,
even
at
the
parts per
trillion
level,
w
e
have
no
basis
for
doing
extrapolations
from
the
high
level
things
where
we
do
have
health
effects,
the
Minamatas
of
the
world,
and
from
the
animal
experiments.
Charles
Goldman
I'm
Charles
Goldman,
University
of
California,
Director
of the
Tahoe
Research
Group.
Historically,
I
think,
monitoring
has
been
frequent
.y
downgraded
as
a
second-class
form
of research.
In
a
sense
it
followed
the
dichotomy
in
academia
of
looking
at
the
difference
between
applied
and
basic
research.
Good
I‘m,  
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monitoring, or surveillance work if you prefer, can
act
ual
ly
be
ext
rao
rdi
nar
ily
go
od
res
ear
ch.
Th
er
e s
ud
de
nl
y
see
ms
to
be
a
tur
nar
oun
d,
in
at
lea
st
the
aca
dem
ic
com
mun
ity
, i
n r
eco
gni
zin
g t
he
fac
t t
hat
cer
tai
n k
ind
s o
f
dat
a m
ust
be
lai
d e
nd
to
end
for
a l
ong
tim
e b
efo
re
any
really intelligentjudgments can be made.
At the same time, such an approach provides the
possibility of coming up with chance discoveries like some
new and dangerous contaminant in the environment, that
otherwise might be missed entirely. Nothing really is so
fragile as information. Nor can one construct models
without having a sufﬁcient diversity of information to
make reasonable judgments. I remember, G.E.P. Box, a
noted statistician from the University of Wisconsin, once
com
men
ted
tha
t n
o l
eve
l o
f s
oph
ist
ica
tio
n i
n s
tat
ist
ica
l
analysis would compensate for having missed the most
important variable. We started with a basic research
pro
gra
m a
t T
aho
e,
whi
ch
had
bui
lt
int
o it
the
nec
ess
ity
of
gat
her
ing
cer
tai
n k
ind
s o
f i
nfo
rma
tio
n o
n a
ver
y r
out
ine
basis. This we called research, but now suddenly we
discover that it's very goodmonitoring; and we're using
these data to solve real questions of great importance to
the decisionmaking authorities in the basin.
I think ecosystems (and limnologists like to use the
term "ecosystem") are very good integrators of a lot of
physical, chemical, and biological information. I feel it is
much more effective to measure a process like
photosynthesis, than it is to measure just, say, the
concentration of phosphate in the receiving waters.
Having grown up during a period when interdisciplinary
research was nearly impossible, I think of the IBP
(International Biological Program) experience, which was
really one of the ﬁrst major thrusts for biologists into
interdisciplinary work. This was followed by two attempts
through the National Science Foundation, IRPOS
(Interdisciplinary Research on Problems of Our Society),
whi
ch
was
imm
edi
ate
ly
fol
low
ed
the
n b
y R
AN
N (
Res
ear
ch
Applied to National Needs). Both have departed as viable
components of the NSF, but the lessons of the difﬁculties
in accomplishing interdisciplinary research remain.
I feel very strongly that the philosophy of monitoring
has been addressed from a great variety of different
perspectives today, and one could continue to discuss this
aspect of it without getting on with what I consider the
real task. We are now in a position to know what some of
the major things that need to be monitored are. We know
the importance of quality control, so that data sets from
organization to organization are really reproducible and
interchangeable. We know that we could proceed with
picking what are obviously some of the most important
elements, yet retaining a sufﬁcient diversity in this
approach to ﬁnd other elements. After all, there are new
organic chemicals coming out at an incredible rate each
year and some of these will enter into transboundary
problems. Some component of this activity must be a
research component, to keep us from falling into a
mindless collection of data without looking at what we're
ﬁnding or without expanding the search so that new and
important variables are turned up. In a sense, there's
nothing so fragile as information. If we argue for another
decade about setting up the network, about what needs to
be monitored, we will have lost an invaluable data base
that we desperately need to make future decisions.
Roger Green I'm Roger Green from the University of
Western Ontario. I'd just like to briefly mention three
things that have been said earlier today that strike me as
being untrue, and which nobody has yet mentioned.
The ﬁrst one has to do with the dichotomy of, do we
build conceptual models — for example, the one that Dr.
Miller has presented -— and then work downward, or do we
start with the problem and work upward? It makes me
very uneasy, and it is not disparagement of Dr. Miller's
book or his model. I think that's a very interesting kind of
h
—
—
_
_
_
h
am
o
d
e
l
t
h
a
t
c
e
r
t
a
i
n
l
y
s
h
o
u
l
d
b
e
p
a
r
t
of
t
h
e
e
xp
e
r
i
e
n
c
e
,
say,
in
a
s
e
m
i
n
a
r
c
o
u
r
s
e
of
a
b
e
g
i
n
n
i
n
g
g
r
a
d
u
a
t
e
s
t
u
d
e
n
t
in
ecology.
B
u
t
there's
a
n
i
m
p
l
i
c
a
t
i
o
n
that's
a
l
m
o
s
t
a
r
e
d
h
e
r
r
i
n
g
:
E
i
t
h
e
r
w
e
start
u
p
t
h
e
r
e
a
n
d
w
o
r
k
d
o
w
n
,
or
w
e
continue
with
w
h
a
t
is
implied
to
be
a
b
u
n
c
h
of
narrow—
m
i
n
d
e
d
,
r
e
d
-
n
e
c
k
e
d
p
r
a
g
m
a
t
i
s
t
s
—
t
h
e
p
r
a
c
t
i
o
n
e
r
s
a
t
t
h
e
table
with
w
h
o
m
I
w
o
u
l
d
identify
m
ys
e
l
f
m
o
r
e
—
w
h
o
h
a
v
e
absolutely
no
conceptual
framework.
I
'
m
a
n
ecologist.
I
t
h
i
n
k
m
a
n
y
of
u
s
h
e
r
e
are.
A
l
l
ecologists
I
k
n
o
w
,
W
h
e
n
e
v
e
r
w
e
get
together
professionally
a
n
d
talk,
h
a
v
e
a
very
clear
conceptual
m
o
d
e
l
of
the
ethic
a
n
d
the
m
o
r
a
l
i
t
y
a
n
d
the
professional
k
i
n
d
of
a
s
s
u
m
p
t
i
o
n
s
we're
operating
under.
A
n
d
I
m
u
s
t
object,
in
a
sense,
to
a
n
i
m
p
l
i
c
a
t
i
o
n
t
h
a
t
w
e
don't
h
a
v
e
one.
I
don't
t
h
i
n
k
w
e
sit
a
r
o
u
n
d
talking
a
b
o
ut
it
as
continuously
as
social
scientists
do.
W
e
tend
to
go
out
there
a
n
d
actually
do
something
under
it.
I
think
I've
m
a
d
e
m
y
point.
M
y
s
e
c
o
n
d
point
is:
I
don't
t
h
i
n
k
it's
true,
as
the
counsel
to
Congress
said,
that
it's
a
severe
problem
that
we
can't
detect
things
sensitively
enough
to
catch
them
early
e
n
o
ug
h
to
do
something
about
them.
T
h
e
truth
is
closer
to
what
just
was
said:
that
we
can
n
o
w
detect
individual
molecules
of
contaminants,
but
we
don't
k
n
o
w
just
what
that
means,
if
anything
important.
More
realistically,
even
after
it's
obvious
that
things
are
going
bad,
such
as
Lake
Erie
getting
to
the
point
of
slime
on
beaches
and
rivers
going
on
ﬁre,
you
can't
galvanize
public
opinion
or
political
action
to
do
anything
about
it.
Fine
tuning
of the
technology
for
detection
is
not
where
our
most
serious
problem is.
My
third
comment,
which
I will
make
very
quickly,
is
that
I
don't
think
the
fact
that
a
survey
will
get
people
saying
they
want
a
better
environment
is in
itself proof
that what the public wants
is at variance with
the political
expression of it. You
can often get people to say something
like that,
but
when
they
vote,
they
vote
based
on
all the
trade-offs:
their
jobs,
t
h
e
e
x
p
e
n
s
e
s
,
t
h
e
taxes,
t
h
e
h
o
m
e
,
the
m
o
r
t
g
a
g
e
,
a
n
d
e
v
e
r
y
t
h
i
n
g
else.
A
s
C
o
m
m
i
s
s
i
o
n
e
r
O
l
s
o
n
said,
that's
t
h
e
reality,
that's
w
h
a
t
w
e
w
a
n
t
of
a
political
s
y
s
t
e
m
.
I
o
n
c
e
told
a
friend
y
e
a
r
s
a
g
o
t
h
a
t
I
v
e
r
y
m
u
c
h
w
a
n
t
e
d
to
d
o
s
o
m
e
t
h
i
n
g
,
b
u
t
t
h
a
t
I
couldn't.
T
o
w
h
i
c
h
s
h
e
replied
-
—
a
n
d
I
h
a
v
e
n
e
v
e
r
forgotten
this
—
that
w
h
a
t
people
w
a
n
t
to
do
is
w
h
a
t
they
choose
to
do.
T
h
a
t
m
a
k
e
s
m
e
a
m
e
t
h
o
d
i
s
t
,
I
suppose,
if
n
o
t
in
religion,
then
in
political
philosophy.
W
h
a
t
the
public
does
w
h
e
n
it
votes,
w
h
e
n
it
either
mobilizes
or
doesn't,
is
the
real
expression
of
w
h
a
t
they
w
a
n
t
to
do,
as
opposed
to
a
survey
answer.
H
e
n
r
y
Regier
W
e
h
a
v
e
a
we
a
l
t
h
of
m
o
n
i
t
o
r
i
n
g
data
in
the
G
r
e
a
t
Lakes,
of
course,
a
n
d
for
various
other
places.
W
i
t
h
respect
to
the
ﬁs
h
of
the
lakes,
w
e
have
quite
good
information
on
the
composition
of
the
ﬁs
h
association
since
1865,
a
n
d
m
o
r
e
sketchy,
but
useful
information
since
about
1800.
M
u
c
h
of
that
information
is
not
useful
with
respect
to
questions
of
epidemiology,
but
it
is
useful
with
respect
to
eutrophication
a
n
d
s
o
m
e
other
h
u
m
a
n
influences.
W
e
ecologists
believe
that
everything
is
connected
with
everything
else;
thus,
a
particular
kind
of
information
should
be
relevant
to
a
variety
of
practical
issues.
It's
difﬁcult
to
motivate
attempts
to
m
a
k
e
sense
of
these
data,
or
to
get
funding
to
analyze
those
data.
It
is
generally
not
accepted
as
good
science,
for
example,
to
try
to
m
a
k
e
sense
of
a
120-year-long
series
of
data.
It's
even
difﬁcult
to
get
funds
for
taking
a
n
d
analyzing
sediment
cores
for
purposes
of "retrospective
monitoring".
Much
of applied
science
is now
crisis-driven.
W
h
e
n
one
is
about
to
embark
on
science
related
to
a
crisis,
it is
often
not
part
of the
ethos
of
the
scientist
to
go
back
and
ﬁnd
out
what
is
already
known
about
the
crisis,
or
about
some
earlier
analogue
of
the
crisis.
Implicitly,
we
start
on
the
assumption
that
this
is
a
brand
new
event
that
has
not
yet
_
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app
ear
ed
any
whe
re
els
e,
and
tha
t o
ne
has
to
sta
rt
fro
m
scr
atc
h.
In
Nor
th
Ame
ric
a
we
lar
gel
y r
ein
ven
ted
the
eut
rop
hic
ati
on
pro
ble
m
abo
ut
50
yea
rs
aft
er
it
was
understood reasonably well in Switzerland, for example.
When the eutrophication problem hit Lake Erie in the late
1950's, relatively few people bothered to find out what the
Europeans already knew about it. Eventually knowl—
edg
abl
e e
xpe
rts
in
Eur
ope
an
lim
nol
ogy
, s
uch
as
Art
hur
Hasler and Richard Vollenweider, brought that old
information to our attention.
Old data are useful for all sorts of practical purposes,
although not for all purposes. For example, some
epidemiological issues are new. But even here it may be
that epidemiological work with radionucleides since the
1950's might provide key guidelines for rapid progress
with persistent contaminants.
Walter Lyon Well, basically, I feel that the panel of
practioners disagreed on a number of items. I heard Mr.
Kingham say that many things that surprised us were not
picked up by monitoring systems. I heard Dr. Riordan say
that he's still looking for indicators of health. Then Lovell
Richie was quite concerned that much of what has been
sai
d t
oda
y c
ame
in
the
for
m o
f cr
iti
cis
m a
nd
tha
t,
rea
lly
,
what was being done by the jurisdictions was going very
well.
I would like to ask you — and to put the framework
within the Great Lakes, although I know this conference
goes beyond the Great Lakes — to answer these two
questions. Number one: Ifyou were anIJC commissioner,
would you believe, or be willing to say to either Canada or
the United States, that the monitoring system we now
have on the Great Lakes is the best we can get for the
dollars we're spending and is answering the questions that
are being raised by the Great Lakes Agreement? My
second question is: Do you think that the present
 
Ecologist Regier making a connection to the head table
—monitoring
system
will
help
the
IJC
anticipate
n
e
w
pollution
problems?
Thank
you.
D
a
v
e
Stalling
M
y
n
a
m
e
is
D
a
v
e
Stalling
from
the
Columbia
National
Fisheries
Lab,
and
I
have
several
questions and comments.
First,
I'd
like
to
direct
a
c
o
m
m
e
n
t
toward
the
idea
of
anticipating
n
e
w
crises.
If w
e
say
w
e
have
more
problems
than
we
know
what
do
with,
then
that's
healthy
in
that
we
recognize
there
are
problems.
The
resources
that
are
available
for
characterization
of
problems
in
terms
of
research,
anticipatory,
or
extended
monitoring
beyond
known
problems
is
woefully
inadequate
to
really
bring
into
focus
what
the
problems
of
tomorrow
are,
or
will
be,
or,
more
likely,
might
become.
So
the
question
to
address
is:
"Are
there
n
o
w
analytical
resources
available
to
do
chemical
characterization
within
the
realm
of
what
would
be
expected?”
I think
the
answer
is no,
but
I'm
just
asking
your
opinions.
193
   
Secondly,
the
question
of data.
W
e
have
m
a
n
y
drawers
of
data,
and
the
question
of
how
one
brings
information
from
data
is
perhaps
the
most
relevant
facet
that
I've
seemed
to
extract
from
the
discussions.
M
y
suggestion
would
be
to
explore
ways
of
bringing
the
statisticians
versed
in
multivariate
analysis
together
with
the
analysts
and
the
interpreters.
Speciﬁcally
I
call
your
attention
to
some
recent
publications
in
the
area
of chemometrics
that
apply,
in
the
area
of
chemistry
and
environmental
measurements,
what
has
been
done
in
the
social
sciences
for quite some time.
The
last
comment
I'd
like
to
make
is
in
the
area
of
exploratory
work.
One
of
the
very
important
issues
that
needs
to
be
studied
further
would
be
atmospheric
transport
of
particulates
into
the
Great
Lakes.
For
example,
we
have
every
reason
to
suspect
that
toxaphene
l
Engineer Lyon makingavery local phone call
has been transported into the Great Lakes by this factor;
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but our analytical resources have been inadequate to get a
good clean handle on the atmospheric transport of the
chlorinated or persistent compounds. That goes right
along with transported dibenzofurans and dioxins from
combustion sources. We're probably all aware of the
chemistry of fire hypothesis, as opposed to other point
source discharges. These are extremely relevant issues to
very toxic chemicals, and I think they only scratch the
surface or expose the lack of knowledge we have gleaned
from what information we have extracted from data.
So, Dr. Miller, I have a question in terms of the
statistical approaches that are probably inherentin your
multi-level assessment. How and where should we plan to
use expert systems, contrasting laboratory information, or
information management systems, in what many of us
perceive to be simply data base management systems? We
often can easily extract data, but the degree and the type
of systems that are available for information extraction
seem largely in a primitive state. What can be done to
facilitate the information science approach to this topic of
information gathering? It seems very important, and I'd
like to hear your comments on that.
Craig Loehle Craig Loehle of Savannah River Ecology
Laboratory, Aiken, 8.0.
First of all, I don't think there are any such things as
"facts" in systems as complicated as ecosystems. I think
facts are relevant only in the context of models that we
have. For example, when the problem with DDT came up
and it was being determined what should be monitored,
our model of food chains and the amplification of DDT
concentrations with higher levels of the food chain led us
to an understanding of how the problem was occurring.
Had you just measured DDT in the water, or in the soil,
and compared it with laboratory toxicity levels, you would
have concluded that no possible harm could come to
anything from those levels of DDT. But, in fact, it was
being accumulated in the food chain. There was a model
behind that understanding and behind the decision as to
what should be monitored.
There is very little information that may be gotten by
just going out and collecting a water sample and
measuring. Our decisions about what to monitor, and
when, and under what circumstances are all based on
some kind of a model; and I know that those who actually
do the monitoring use their ecological backgrounds in
order to make those decisions about what and when and
how to monitor. That's the ﬁrst point.
The second point is to make an analogy with the US.
Weather Service. Here is a tremendous monitoring
network, weather stations of various caliber, some just
temperature gauges and volunteer thunderstorm-watch
individuals spread across the landscape. If all they had
was a collection of points with no coordination among
those points, then we would not have any ability to predict
the weather. It is the fact that all those individual data
points are, first of all, drawn together in a computerized
network; and, second of all, that there are models and
theories behind those data that enable us to extrapolate
trends in the weather, however poorly we're able to do
that. So that is my second point: that monitoring data or
research data ﬁrst must be pulled together, and second,
must be connected well with a research program. If we
had connected the data from all the different bodies of
water that were being sampled, we might have noticed a
trend in the tremendous number of lakes that were
becoming sterilized by acid rain in Northern Minnesota
and New England and various other places. The fact that
these data were hidden in this state government, and that
federal agency, and so forth, prevented a trend from being
detected sooner than it was. Thank you.
Kenneth Watt I'd like to reinforce the comment of Dr.
Henry Regier and the last speaker. It's my considered
op
i
n
i
o
n
t
h
a
t
t
h
e
r
e
a
l
p
r
o
b
l
e
m
i
n
t
h
e
w
h
o
l
e
a
r
e
a
t
h
a
t
w
e
'
r
e
all
l
o
o
k
i
n
g
a
t
is
n
o
t
t
h
a
t
w
e
d
o
n
'
t
h
a
v
e
e
n
o
u
g
h
d
a
t
a
o
r
e
n
o
u
g
h
p
h
i
l
o
s
o
p
h
y
.
W
e
h
a
v
e
t
h
e
d
a
t
a
,
b
u
t
n
o
t
a
s
s
e
m
b
l
e
d
i
n
a
w
a
y
t
h
a
t
a
l
l
o
w
s
a
n
y
b
o
d
y
t
o
l
o
o
k
a
t
t
h
e
m
.
I'd
l
i
k
e
t
o
g
i
v
e
s
o
m
e
e
x
a
m
p
l
e
s
.
It's
b
e
e
n
m
y
e
x
p
e
r
i
e
n
c
e
i
n
m
y
w
h
o
l
e
p
r
o
f
e
s
s
i
o
n
a
l
life,
a
l
m
o
s
t
i
n
v
a
r
i
a
b
l
y
,
w
h
e
n
y
o
u
s
t
a
r
t
a
n
a
l
y
z
i
n
g
t
i
m
e
—
s
e
r
i
e
s
d
a
t
a
o
n
s
o
m
e
p
r
o
b
l
e
m
p
h
e
n
o
m
e
n
o
n
,
t
h
a
t
t
h
e
v
a
r
i
a
b
l
e
t
h
a
t
t
u
r
n
s
o
u
t
to
b
e
t
h
e
d
r
i
v
i
n
g
force
b
e
h
i
n
d
t
h
e
p
r
o
b
l
e
m
is
s
o
m
e
t
h
i
n
g
t
h
a
t
n
o
o
n
e
,
o
r
s
c
a
r
c
e
l
y
a
n
y
o
n
e
,
h
a
d
t
h
o
u
g
h
t
w
a
s
t
h
e
d
r
i
v
i
n
g
v
a
r
i
a
b
l
e
.
O
n
e
o
f
t
h
e
r
e
a
s
o
n
s
for
t
h
i
s
is
t
h
e
r
e
a
r
e
t
i
m
e
l
a
g
s
i
n
all
k
i
n
d
s
o
f
situations.
T
yp
i
c
a
l
l
y,
a
p
r
o
b
l
e
m
t
h
a
t
s
h
o
w
s
u
p
at
t
i
m
e
i
n
t
e
r
v
a
l
t
is
d
u
e
to
s
o
m
e
c
a
u
s
e
t
h
a
t
w
a
s
o
p
e
r
a
t
i
n
g
a
t
t
m
i
n
u
s
o
n
e
,
o
r
t
m
i
n
u
s
f
o
ur
,
o
r
t
m
i
n
u
s
1
0
,
o
r
s
o
m
e
t
h
i
n
g
o
f
that sort.
T
w
o
e
x
a
m
p
l
e
s
m
a
k
e
t
h
e
p
o
i
n
t
.
T
h
e
ﬁ
r
s
t
j
o
b
I
e
v
e
r
h
a
d
after
I
g
o
t
m
y
ﬁ
r
s
t
doctor's
d
e
g
r
e
e
w
a
s
b
i
o
m
e
t
r
i
c
i
a
n
of
t
h
e
G
r
e
a
t
L
a
k
e
s
Fisheries
C
o
m
m
i
s
s
i
o
n
.
I
used
to
w
a
n
d
e
r
a
r
o
u
n
d
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
listen
to
ﬁ
s
h
e
r
m
e
n
g
i
v
e
their
j
u
d
g
m
e
n
t
s
a
s
to
w
h
a
t
it
w
a
s
t
h
a
t
w
a
s
c
a
u
s
i
n
g
a
d
e
ﬁ
c
i
e
n
c
y
of
ﬁ
s
h
of
species
x
in
y
e
a
r
y.
I
don't
r
e
m
e
m
b
e
r
o
n
e
instance
w
h
e
r
e
they
w
e
r
e
correct.
T
h
e
ﬁrst
p
h
e
n
o
m
e
n
o
n
I
w
o
r
k
e
d
o
n
w
a
s
the
s
m
a
l
l
m
o
u
t
h
b
a
s
s
ﬁ
s
h
e
r
y
w
h
e
r
e
there
w
e
r
e
violent
oscillations
in
the
catches
f
r
o
m
one
year
to
another,
a
n
d
people
h
a
d
all
kinds
of
theories
about
w
h
y
that
was.
It
turned
out
the
correct
a
n
s
w
e
r
w
a
s
s
o
m
e
t
h
i
n
g
n
o
n
e
of
t
h
e
m
ever
h
a
d
t
h
o
ug
h
t
of:
T
h
e
ﬁ
s
h
e
r
y
w
a
s
dependent
u
p
o
n
ﬁve—
or
six-year-old
ﬁsh,
so
that
the
ﬁ
s
h
e
r
y
w
a
s
d
e
p
e
n
d
e
n
t
u
p
o
n
the
success
of
s
p
a
w
n
i
n
g
ﬁ
v
e
or
six
years
previously.
T
h
a
t
success,
in
turn,
w
a
s
almost
always
and
almost
entirely
driven
by
the
temperatures
in
the
spawning
streams
in
the
year
of
spawning.
That
turned
out
to
be
true
for
m
a
n
y
of
the
organisms
in
the
Great Lakes.
More
recently,
I've
been
trying
to
build
a
global
model
and
ﬁnd
out
what
it
is
that
has
driven
wars
and
depressions
and
instabilities
and
that
sort
of
thing.
It
¥
t
u
r
n
s
o
u
t
I
c
a
n
a
c
c
o
u
n
t
for
a
b
o
u
t
9
9
.
8
%
o
f
t
h
e
v
a
r
i
a
n
c
e
i
n
all
t
h
e
i
m
p
o
r
t
a
n
t
e
c
o
n
o
m
i
c
v
a
r
i
a
b
l
e
s
for
t
h
e
l
a
s
t
1
0
0
t
o
3
0
0
y
e
a
r
s
w
i
t
h
j
u
s
t
t
W
O
v
a
r
i
a
b
l
e
s
,
a
n
d
t
h
e
y
'
r
e
t
w
o
v
a
r
i
a
b
l
e
s
h
a
r
d
l
y
a
n
y
b
o
d
y
e
v
e
r
t
a
l
k
s
a
b
o
u
t
.
S
o
,
w
i
t
h
all
k
i
n
d
s
o
f
p
r
o
b
l
e
m
s
,
if
w
e
w
o
u
l
d
s
i
m
p
l
y
a
s
s
e
m
b
l
e
t
h
e
d
a
t
a
a
n
d
a
l
l
o
w
s
o
m
e
o
n
e
t
h
e
o
p
p
o
r
t
u
n
i
t
y
to
l
o
o
k
a
t
a
l
a
r
g
e
n
u
m
b
e
r
o
f
d
i
f
f
e
r
e
n
t
k
i
n
d
s
o
f
v
a
r
i
a
b
l
e
s
t
o
g
e
t
h
e
r
,
w
e
c
o
u
l
d
ﬁ
n
d
out
w
h
a
t
w
a
s
the
problem.
T
h
e
C
a
n
a
d
i
a
n
a
n
d
U
n
i
t
e
d
S
t
a
t
e
s
g
o
v
e
r
n
m
e
n
t
s
s
h
o
u
l
d
s
o
m
e
h
o
w
c
o
o
p
e
r
a
t
e
s
i
m
p
l
y
to
p
u
b
l
i
s
h
a
v
o
l
u
m
e
e
v
e
r
y
ye
a
r
,
called
t
h
e
"
A
n
n
u
a
l
Statistical
A
b
s
t
r
a
c
t
of
t
h
e
B
o
u
n
d
a
r
y
R
e
g
i
o
n
"
a
n
d
ﬁ
g
u
r
e
o
u
t
w
h
i
c
h
sorts
o
f
v
a
r
i
a
b
l
e
s
o
u
g
h
t
to
b
e
r
e
c
o
r
d
e
d
there.
It
w
o
u
l
d
p
r
o
b
a
b
l
y
b
e
t
h
e
s
a
m
e
set
t
h
a
t
t
u
r
n
u
p
in
Statistics
C
a
n
a
d
a
o
r
t
h
e
Statistical
A
b
s
t
r
a
c
t
s
of
t
h
e
U
n
i
t
e
d
States.
S
u
c
h
a
p
u
b
l
i
c
a
t
i
o
n
w
o
u
l
d
g
i
v
e
s
o
m
e
o
n
e
t
h
e
o
p
p
o
r
t
u
n
i
t
y
to
ﬁ
g
u
r
e
o
u
t
w
h
a
t
w
a
s
g
o
i
n
g
on.
S
o
t
h
e
p
r
o
b
l
e
m
is
n
o
t
t
h
a
t
w
e
d
o
n
'
t
h
a
v
e
e
n
o
u
g
h
d
a
t
a
.
W
e
'
v
e
b
e
e
n
h
e
a
r
i
n
g
all
d
a
y
,
w
e
'
v
e
g
o
t
piles
of
data,
all
sorts
of
d
a
t
a
h
i
d
d
e
n
a
r
o
u
n
d
o
n
s
h
e
l
v
e
s
a
n
d
so
on.
T
h
e
p
r
o
b
l
e
m
is
n
o
t
a
d
e
ﬁ
c
i
e
n
c
y
of
theories.
W
e
just
n
e
e
d
to
see
t
i
m
e
series
of
l
a
r
g
e
n
u
m
b
e
r
s
of
v
a
r
i
a
b
l
e
s
a
n
d
g
e
t
a
n
o
p
p
o
r
t
u
n
i
t
y
to
ﬁ
n
d
o
u
t
if
it
really
is,
for
instance,
v
a
n
a
d
i
u
m
that's
t
h
r
e
a
t
e
n
i
n
g
w
a
l
l
e
y
e
p
i
k
e
p
o
p
ul
a
t
i
o
n
s
in
L
a
k
e
Erie.
Thank you.
W
a
t
t
'
s
r
e
s
p
o
n
s
e
t
o
u
n
r
e
c
o
r
d
e
d
q
u
e
s
t
i
o
n
:
It
t
u
r
n
s
o
u
t
t
h
a
t
the
t
w
o
variables
that
s
e
e
m
to
be
driving
the
world
e
c
o
n
o
m
y
a
r
e
t
h
i
n
g
s
t
h
a
t
w
o
u
l
d
b
e
n
o
s
ur
p
r
i
s
e
to
a
n
y
b
o
d
y
:
the
status
of
the
resource
base
—-
for
instance,
the
c
u
m
u
l
a
t
i
v
e
p
r
o
d
uc
t
i
o
n
of
c
r
u
d
e
oil
in
the
U
n
i
t
e
d
States;
a
n
d
the
rate
at
w
h
i
c
h
federal
g
o
v
e
r
n
m
e
n
t
s
retire
their
i
n
d
e
b
t
e
d
n
e
s
s
to
t
h
e
citizenry
for
w
a
r
e
x
p
e
n
s
e
s
,
t
h
e
rate
at
w
h
i
c
h
w
a
r
b
o
n
d
s
are
p
a
i
d
off.
Alan Clarke
respond.
N
o
w
I'm
g
o
i
n
g
to
invite
the
p
a
n
e
l
to
V
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Lov
ell
Ric
hie
Let
me
res
pon
d
ﬁrs
t
bec
aus
e
Wa
lt
mentioned my name.
Wa
lt
er
, I
wa
s s
ort
of
of
fe
nd
ed
by
so
me
of
th
e c
rit
ici
sm
of
the
on
go
in
g p
ro
gr
am
s i
n t
he
sen
se
tha
t t
he
mo
ni
to
ri
ng
is
not
con
nec
ted
,
and
it's
stu
pid
to
do
it,
and
it‘s
eve
n
sca
nda
lou
s,
so
me
bo
dy
sai
d.
Th
e
poi
nt
wa
s
tha
t
the
sa
mp
li
ng
pr
og
ra
ms
th
at
ar
e
ou
t
th
er
e
be
ga
n
fr
om
th
e
bo
tt
om
up.
Th
ey
be
ga
n f
ro
m t
he
sta
te
lev
el,
fr
om
the
loc
al
lev
el,
for
a p
urp
ose
.
We
we
re
loo
kin
g a
t p
ro
bl
em
s w
e
ha
d
in
riv
ers
and
str
eam
s a
nd
lak
es.
We
wer
e t
ryi
ng
to
get
wa
st
ew
at
er
tr
ea
tm
en
t w
or
ks
bui
lt.
Th
e
pr
ob
le
m i
s t
hat
dat
a b
ase
ha
s g
ro
wn,
as
we'
ve
col
lec
ted
tha
t i
nfo
rma
tio
n;
and
we'
ve
pro
vid
ed
it
to
the
Int
ern
ati
ona
l
Joi
nt
Co
mm
is
si
on
be
ca
us
e
th
ey
as
ke
d
for
it.
We
du
mp
ed
it
on
th
em
.
The
y'r
e c
onc
ern
ed
abo
ut
so
me
of
thi
s s
tuf
f,
bec
aus
e
of
qua
lit
y a
ssu
ran
ce.
Th
e d
ata
bas
e,
so
me
ofi
t, G
od
for
bid
,
is e
ven
col
lec
ted
by
the
per
mit
tee
s t
hem
sel
ves
. W
e k
ne
w
tha
t.
Tha
t's
not
a
sur
pri
se.
We
gav
e
the
IJC
the
information that we had.
I think, then, it's not fair to criticize the data on that
bas
is.
We
kn
ew
wha
t i
t wa
s.
We
mig
ht
hav
e b
een
bet
ter
off
if w
e h
ad
nev
er
giv
en
it t
o a
nyb
ody
. T
hen
the
re
wou
ld
hav
e b
een
a g
rea
t d
ata
voi
d,
and
we
cou
ld
hav
e g
one
out
and collected things together.
Yo
u
ask
ed,
if
I w
ere
a c
omm
iss
ion
er,
wou
ld
I b
e
sat
isf
ied
wit
h t
he
cur
ren
t m
oni
tor
ing
pro
gra
ms
tha
t w
e
have on the Great Lakes? No, I would not be satisﬁed. It
nee
ds
to
be
cha
nge
d.
It n
eed
s t
o b
e m
odi
ﬁed
.
Som
ebo
dy
said we have all kinds of data. What we do is we collect
num
ber
s,
and
we
rep
ort
num
ber
s.
We
don
't
giv
e a
nyb
ody
any information; we just give them numbers. That's the
poi
nt
I t
rie
d t
o m
ak
e a
bou
t i
n C
omm
iss
ion
er
McE
wen
's
questions at an earlier meeting. He wanted to know the
ver
y p
rac
tic
al
thi
ngs
:
Wh
at
doe
s i
t m
ea
n?
We
do
a v
ery
bad job of saying what does it mean; so I think there needs
to b
e s
ome
hea
d,
som
e f
ocu
s t
o d
o t
his
sor
t o
f t
hin
g.
Ca
n
the
Com
mis
sio
n d
o i
t?
Wh
y n
ot?
I do
n't
car
e w
het
her
the
Co
mm
is
si
on
do
es
it.
It
ca
n
be
th
e
Wo
rl
d
He
al
th
Organization, or it can be EPA or Environment Canada. I
don't care who does it, but somebody needs to do it. That's
the main point. I think the IJC is an excellent choice to do
it, because the structures are already there. The various
jurisdictions are assembled under the IJC family, and that
provides a good opportunity to do it.
Richard Klimisch The question about whether you could
design a system that would anticipate tomorrow's
problems: I don't believe that's possible. I don't think
the
re'
s a
nyb
ody
tha
t c
an
do
tha
t.
Doe
s a
nyb
ody
her
e t
hin
k
they can do that?
Alan Clarke Nope.
Lovell Richie Well, let me just use an example. Years
ago, in the Minnesota Health Department, we used to go
up and mow the grass in Northern Minnesota, and milk
the cows. And we used to look for strontium 90 because
weapons testing was going on around the globe. We knew
that when they set off a nuclear device in Central Asia,
two weeks later it was strontium 90 in the milk of the
Minnesota cows. Now, I'd like to think that that kind of
monitoring, and similar monitoring done many other
places, had a whole lot to do with the elimination of
atmospheric weapons testing. I think it did. That is the
reason we don't do that kind of stuff today. So that is the
future result of a very well-thought—out monitoring
program in the past. It used to drive me crazy to see that
lawn mower going up into Northern Minnesota, and I'd
thi
nk,
"Oh
God
, w
hat
kin
d o
f a
pro
gra
m a
m I
inv
olv
ed
in
here?" But it did have an impact.
Alan Clarke
question?
Dr. Miller, do you want to pick up the
James Miller First the question concerning the
con
cep
tua
l
sys
tem
s
of
eco
log
ist
s.
I k
no
w
the
re
are
conceptual systems of ecologists. I've had a chance to read
two of them, one developed by Botkin at Santa Barbara
and one written by Odum [Howard T.] in his important
I
g
S
The places we turn for answe
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boo
k,
whi
ch
cam
e
out
las
t y
ear
, o
n
sys
tem
s
eco
log
y.
Though they both developed in the proper way, the way
tha
t I
've
tri
ed
to
dev
elo
p o
ur
the
ory
, I
wou
ld
agr
ee
wit
h
you, and with a man who developed one ofthe very earliest
microscopes, who said that science progressed from data
col
lec
tio
n to
the
ory
and
bac
k t
o d
ata
col
lec
tio
n i
n a
cyc
lic
al
way. We hope, if we believe in progress, this is more like a
helical way — that perhaps there is a third dimension in
the
se
cyc
les
tha
t m
ay
rep
res
ent
a
cer
tai
n a
mo
unt
of
advance.
In our book, we quote over 3,000 scientiﬁc experiments
as a basis for the development of theory; and I think that
that's the way it should be. I hope that ecologists, if they
have not done so, will write down their conceptual
the
ori
es.
I'v
e t
ake
n t
he
two
I'v
e r
ead
ser
iou
sly
—
and
the
re
pro
bab
ly
are
ma
ny
oth
ers
I d
on'
t k
no
w o
f —
int
o
account in my further work, and I would certainly want to
see theories that others have.
On the question of the data banks versus management
information systems —— how you turn data banks into data
sys
tem
s o
r m
an
ag
em
en
t i
nfo
rma
tio
n s
yst
ems
—
I w
oul
d
refer to my experience in the development of a large-scale
information processing network. Twenty years ago, I was
co-founder of an organization called EDUCOM, which is
having its 20th anniversary at a Harvard celebration in a
week or two. It started with seven universities and now
provides its services on an information processing
network, to more than 850 campuses in Canada and the
United States. These services are of various sorts. They're
data banks of full courses. They're data banks of facts,
hundreds of data banks on everything from public opinion
polls going back to George Washington's time to
mineralogy. In this experience we found, ﬁrst of all, that
while there certainly was an increase in the budgetary
cost to universities, that it's hard to discover just inwhat
year these increases occurred, because they don't seem to
be very signiﬁcant. For example, there are 19 host
computers that provide thousands and thousands of types
of software which you can discover on a screen, on a menu.
You then dial into the host university and get the software
that you need for dealing with your data. There has been
an increased cost in telecommunications, but a signiﬁcant
decreased cost in the production of local software. The
cost-effectiveness of this network has been obvious, and
now we have a multimillion—dollar process going on with a
surplus every year and increasing very rapidly.
I think a similar thing would happen in the kind of
network we're talking about. One of the things that
networks do is bring about agreement, whether they were
intended to do so or not. You must get uniformities in the
way you process information. The glaring differences
between different data banks become very obvious when
you put them on a network. Also, the gaps —— what you're
not collecting, but what other people are collecting ——
become obvious. The ease of communication makes it
possible to get interactions back and forth among the
people in the network in a way that expedites the work of
everyone. I'm not saying they're cost—free, but that you
really do not see where the cost of this particular operation
is within the massive budgets ofuniversities.
Finally, the data banks in themselves are not enough.
It's just like the comment a few minutes ago about, "There
aren't facts." There are facts, I'm sure the speaker who
said that didn't disagree; but facts take on meaning only
when they have relationships between them, and those are
the models. Therefore, you must add conceptual models to
interconnect the data which are in the data banks, then
test those models against some sort of practical reality.
Alan Clarke Thank you. Our exchange has been a
healthy sign in terms of the kind of discussion we want to
encourage tomorrow in the group. Let me, before I release
the panel, ask Peter Haug to talk a bit about tomorrow.
Recognizing that a large part of tomorrow deals with
opportunities for you to get involved, and Peter will
outline how we suggest that might be done.
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S
y
n
t
h
e
s
i
s
o
f
D
a
y
O
n
e
a
n
d
deVeloped
a
sense
of
s
o
m
e
recurring
themes
that
have
P
r
e
p
a
r
a
t
i
o
n
f
o
r
D
a
y
T
w
o
c
o
m
e
out
again
a
n
d
again
a
n
d
again.
W
h
a
t
I'll
try
to
do
is
-
just
s
um
m
a
r
i
ze
those
that
I've
noted,
rather
than
try
to
give
a
n
y
k
i
n
d
of
a
true
synthesis.
T
h
e
n
I'd
like
to
offer
P
6
1
3
9
"
T
'
H
a
n
g
s
o
m
e
s
u
g
g
e
s
t
i
o
n
s
f
o
r
t
o
m
o
r
r
o
w
'
s
w
o
r
k
i
n
g
g
r
o
u
p
s
.
Dr.
Miller,
in
his
reference
this
afternoon
to
m
y
presentation,
talked
a
b
o
ut
m
y
job
as
"superficial
unification".
He's
half
right.
It's
going
to
be
superﬁcial,
but
I
d
o
ub
t
that
it'll
be
a
unification
of
what's
b
e
e
n
said
here
today.
A
n
y
o
n
e
w
h
o
sat
with
us
today
h
a
s
probably
 
W
e
’
v
e
got
to
m
a
k
e
that
link
b
e
t
w
e
e
n
theory
a
n
d
practice....
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It's fair to say the ecosystem is here to stay, and with it
the concepts of systems analysis as related to ecomanage-
ment and decisionmaking. One of the concerns that I had
in listening to the topics today is that perhaps there wasn't
enough emphasis placed on the role of monitoring as a
supporting activity for decisions. It's really important.
We touched on it in a few cases, but we tended somewhat
to get down into the nitty-gritty of modeling and
monitoring, rather than discuss them as means to the
ultimate end ofmaking decisions.
Some other themes: a great deal of monitoring is going
on now in the transboundary region and elsewhere, but
only for speciﬁc purposes. There is little or no
coordination of efforts. Many technical problems exist in
trying to establish a broadly useful, coordinated approach.
Among them are different methodologies and
instrumentation, as well as coordination of efforts in time
and space. The economic obstacles are largely self—
evident; funding for long-term efforts with no immediate
payoff is simply not available.
Then there are the problems of linking our
technological capabilities to human needs. Though we can
measure parts per billion, we still don't understand what x
parts per billion mean in terms of ﬁsh, or humans, or
society at large. We need better understanding and
interpretation of the data we already have, so we can ask
better questions. In a democracy, ultimately, the people
determine what questions to ask; and people‘s belief
systems are inseparable from their actions. This suggests
the need for ideological considerations in any large-scale
environmental monitoring program. But how? In some
cases, the people seem to be well ahead of the media and
public officials. Long-range thinking and efforts on the
part of both the media and the public officials are
essential, but the problem here is analogous to the similar
problem of funding: short—term thinking usually prevails.
Next, we really don't have a good feel for the
Canada/US. Boundary Region. What is it? How stable is
it? Does it move? The Canada/US. boundary, "the line",
is generally artificial and bears little or no relationship to
ecological systems. A trend of past centuries has been to
collapse old boundaries between cultures, economies, and
ecosystems.
Finally, we seem to be suffering from an information
input overload in science and elsewhere.
 
A modeling-monitoring interactive approach has the
potential for identifying and corroborating
important linkages and their underlying causalities.
Against this background of problems and obstacles
associated with a transboundary monitoring network, let's
consider some potential solutions. Dr. Cronon, in a talk
I'll remember for a long time, this morning established
very dramatically the existence of linkages between man's
activities and the socioeconomic/ecological system in
which he lives, both as manipulator and manipulated. In
the real world we are confronted with the need to establish
cause-effect relationships among such linkages and
interconnections. This is also sometimes a problem of
scale, particularly in something as vast as the boundary
region.
A modeling-monitoring interactive approach has the
potential for identifying and corroborating important
linkages and their underlying causalities. Such an
approach is an art that requires keeping track of changes
in an ecosystem conceptually, while concurrently keeping
track of important environmental parameters in the real
  
 wo
r
l
d
.
S
u
c
h
a
n
a
p
p
r
o
a
c
h
c
o
u
l
d
b
e
a
c
u
m
u
l
a
t
i
v
e
effort
toward
integrating
science.
O
n
e
s
u
g
g
e
s
t
i
o
n
p
u
t
f
o
r
t
h
t
o
d
a
y
for
a
c
o
n
c
e
p
t
u
a
l
f
o
u
n
d
a
t
i
o
n
is
t
h
e
l
i
vi
n
g
s
y
s
t
e
m
s
t
h
e
o
r
y
d
e
v
e
l
o
p
e
d
b
y
D
r
.
M
i
l
l
e
r
a
n
d
h
u
n
d
r
e
d
s
o
f
h
i
s
c
o
l
l
e
a
g
u
e
s
,
or,
a
s
h
e
p
u
t
it,
t
h
e
w
o
r
k
of
"
m
a
n
y
lifetimes".
A
g
e
n
e
r
a
l
,
o
ve
r
-
a
r
c
h
i
n
g
,
c
o
m
p
r
e
h
e
n
s
i
v
e
a
p
p
r
o
a
c
h
,
s
u
c
h
as
that
offered
b
y
living
s
y
s
t
e
m
s
theory,
h
o
l
d
s
the
seductive
promise,
for
s
o
m
e
,
of
b
e
i
n
g
a
b
l
e
to
a
n
t
i
c
i
p
a
t
e
p
r
o
b
l
e
m
s
t
h
a
t
m
a
y
n
o
t
e
v
e
n
exist
n
o
w
.
W
h
e
t
h
e
r
this
c
a
n
b
e
d
o
n
e
or
not,
w
e
still
a
r
e
f
a
c
e
d
w
i
t
h
the
t
r
e
m
e
n
d
o
u
s
p
r
o
b
l
e
m
of
i
n
f
o
r
m
a
t
i
o
n
o
ve
r
l
o
a
d
—
h
o
w
d
o
w
e
o
r
g
a
n
i
z
e
i
n
f
o
r
m
a
t
i
o
n
in
t
e
r
m
s
of
t
h
e
interrelationships
w
e
k
n
o
w
are
there?
Is
there
s
o
m
e
c
o
m
m
o
n
f
r
a
m
e
w
o
r
k
,
s
o
m
e
i
n
t
e
r
d
i
s
c
i
p
l
i
n
a
r
y
l
a
n
g
u
a
g
e
,
that
wo
ul
d
enhance
our
understanding
and,
ultimately,
our
c
o
m
m
u
n
i
c
a
t
i
o
n
s
of
e
n
vi
r
o
n
m
e
n
t
a
l
p
r
o
b
l
e
m
s
that
impinge
up
o
n
our
two
national
societies?
[
H
]
o
w
d
o
w
e
organize
information
in
terms
of
the
interrelationships
we
k
n
o
w
are
there?
These
are
some
of
the
questions
and
ideas
we
will
be
addressing
in
depth
tomorrow.
To
try
to
maximize
our
efﬁciency
and
make
tomorrow
as
productive
as
possible
—
by
that
I
mean
collecting
as
much
of
your
expertise
as
possible
within
the
time
constraints
—
I'd
like
to
offer
some suggestions.
First, many
false dichotomies have
surfaced today:
for
example, modeling versus monitoring.
I believe modeling
and
monitoring
are
two
ends
of a
long
spectrum.
In
the
simplest sense, we
all work
from models in everything we
do,
and
we
also
monitor
our
activities
everytime
we
observe. And I think what we need is perhaps a stronger
%,
f
o
r
m
a
l
i
z
a
t
i
o
n
o
f
t
h
a
t
p
r
o
c
e
s
s
to
b
r
i
n
g
t
h
e
t
w
o
t
o
g
e
t
h
e
r
.
A
v
a
r
i
a
t
i
o
n
o
n
this
t
h
e
m
e
is
t
h
e
t
o
p
-
d
o
w
n
-
v
e
r
s
u
s
-
b
o
t
t
o
m
-
u
p
d
i
l
e
m
m
a
.
B
o
t
h
h
a
v
e
their
place,
a
n
d
in
a
n
ideal
w
o
r
l
d
w
e
wo
ul
d
w
o
r
k
to
bring
t
h
e
m
together.
T
h
e
ecological
truism
(or
m
y
t
h
)
that
everything's
connected
to
everything
else
r
e
m
i
n
d
s
m
e
a
little
of
Orwell's
concept
in
A
n
i
m
a
l
F
a
r
m
.
Y
o
u
recall
h
e
says,
"All
a
n
i
m
a
l
s
are
equal,
but
s
o
m
e
are
m
o
r
e
equal
t
h
a
n
others."
In
a
n
ecological
s
y
s
t
e
m
all
t
h
i
n
g
s
are
interconnected,
b
u
t
s
o
m
e
are
m
o
r
e
interconnected
t
h
a
n
others.
That's
w
h
a
t
w
e
n
e
e
d
to
deal
with
in
a
practical
m
o
n
i
t
o
r
i
n
g
program:
the
key
interconnections.
I
sensed
a
frustration
today
in
m
a
n
y
of
the
speakers.
A
lot
of
people
in
this
room,
be
they
at
either
end
of
the
spectrum,
wo
ul
d
like
to
see
better
coordination
a
n
d
better
integration
of
monitoring
efforts.
B
u
t
I
think
also
that
m
a
n
y
feel
that
it's
currently
impractical,
not
doable,
given
the
institutional
constraints,
the
scientiﬁc
constraints,
a
n
d
the
simple
h
u
m
a
n
impediments
to
this
type
ofthing.
Y
o
u
represent
m
a
n
y
diversiﬁed
backgrounds
a
n
d
approaches.
Tomorrow,
we
need
to
tap
the
underlying
unity
in
that
diversity.
W
e
need
to
try
to
acknowledge
the
existence
of
that
spectrum,
the
rich
range
and
variety
of
your
perspectives,
and
try
to
approach
each
other
along
that spectrum.
Realize
also
that
if we
—
or
others
equally
qualiﬁed,
or
perhaps
better
qualiﬁed
——
could
be
closeted
to
hammer
out
the
mechanism
and
details
of
a
grandiose
transboundary
monitoring
network,
and
were
such
a
network
to
be
fully
implemented,
it
still
would
fail.
It
would
fail
in
these
ways.
It
wouldn't
meet
expectations.
It
would
require
more
effort,
time,
and
money
than
originally
thought.
But
most
devastating,
it
would
perpetuate
many,
perhaps
most,
of
the
shortcomings,
the
very
shortcomings
it seeks
to
transcend,
simply
because
of
T
—
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the old paradigms used in designing it. The reason is that
we all would bring our own biases to this problem. So
under the best of conditions, we would have a failure, in a
sense.
But such a system would also begin a transition based
explicitly in a recognized need for coordination,
cooperation, integration, and synthesis. It would be a step
forward; it would be unique in both scale and scope —
demonstrating international cooperation in yet another
way, just as do the other types of cooperation that have
been mentioned here frequently today, cooperation unique
to Canada and the United States.
We live in an adversary culture. The way of science is
particularly adversarial in the sense that good science
requires rigorous peer review, high skepticism, and tight
logic. This is not only good; it's essential; it's the process of
science. In a recent American Scientist article the author
noted that the result of science is to show that yesterday's
good science wasn't quite so good after all.
However, the job tomorrow is not to reach a consensus;
it's not to play the adversarial role, except in the sense of
recording your skepticism. Understand and know full well
that we're not going to reach closure. We're not going to
come to any decisions. What we're trying to do in the
workshop, and why you've been invited here, is to use your
expertise in as positive a way as possible to explore as
many ramifications as we can pry out of you, ramiﬁcations
of the practicality and advisability of pursuing this idea
further. That's all it is, really.
I mentioned decision support earlier. This is something
we need to look at much more practically in our working
groups. We need to keep one foot on the ground as we keep
our head in the clouds. We've got to make that link
between theory and practice, because that's where the
funding is. It's just as practical as that.
Finally, remember that none of us is as smart as all of
us. Decisions are being made and implemented every day
on the basis of bad information, or none. Often, anything
would be an improvement. So we need to try tomorrow for
improvement, not perfection. Address the question,
"What can we do to improve the decisionmaking process?"
Support cooperative efforts. Then, if the efforts are
supported and they fail, they will fail because the efforts
themselves were not a good idea, not because the human
beings undermined them. And I'd like to just close with a
quotation from a 19th century religious leader, because I
think it really underscores the basic model we're all
working with: "The earth is but one country, and
mankind its citizens."
 
In an ecological system all things are interconnected,
but some are more interconnected than others....
[W]e need to deal with the key interconnections.
Alan Clarke Thank you Peter.
I thought a number of times today of a quotation that
comes from the new president of the Club of Rome.
Alexander King, in his initial statement this spring as
president, talked about three major world problems: the
threat of nuclear war; the possibility of extensive hunger
in the world; and the third, our existing organizations. He
elevated his concern about the way we presently do things
as a concern that needs to be addressed.
I think members of the audience will want to have me
express thanks to the presenters who are here, and some
who have had to leave, to the panelists, and particularly to
the two co—chairmen of this workshop, and the IJC, for
what has been a very exhilarating day in terms of raising
some fundamental questions that we'll have an
opportunity to address tomorrow morning. The meeting is
adjourned.
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c
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p
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n
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p
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i
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c
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i
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n
t
to
his
f
e
l
l
o
w
m
a
n
—
t
h
o
s
e
k
i
n
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p
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.
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,
to
b
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.
I
k
n
o
w
that
h
e
will
inspire
m
e
as
h
e
did
s
o
m
e
1
4
or
1
5
y
e
a
r
s
ago.
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b
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O
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G
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E
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c
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d
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c
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,
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a
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citizen
delegate
for
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U
n
i
t
e
d
States.
I
h
a
d
n
o
t
k
n
o
w
n
h
i
m
before;
b
u
t
I
c
a
m
e
to
appreciate
the
g
o
o
d
n
e
s
s
of
the
m
a
n
,
the
e
l
o
q
u
e
n
c
e
a
n
d
inspirational
leadership,
the
brilliance
of
the
m
i
n
d
,
a
n
d
the
everlasting
optimism
of
the
m
a
n
.
I
suppose
we’ll
all
have
to
cope
with
optimism
or
pessimism
before
w
e
go
h
o
m
e
tomorrow,
because
in
b
ur
e
a
uc
r
a
c
y
a
n
d
g
o
v
e
r
n
m
e
n
t
a
n
d
life,
there
c
o
m
e
s
a
time
w
h
e
n
w
e
say,
"
O
h
w
h
a
t
the
hell.”
 
B
u
t
Glenn’s
never
done
that,
or
at
least
not
in
m
y
presence.
I’ve
seen
h
i
m
look
for
challenges,
go
out
of
his
w
a
y
for
challenges,
turn
d
o
wn
the
easy
ways,
and
go
to
places
where
I
suppose
—
that
m
a
y
be
your
only
deﬁcit,
Glenn
—
that
wise
m
e
n
probably
fear
to
tread.
Y
o
u
chose
those
paths.
So
let me,
for
a
moment,
tell
you
a
little
more
about
him
individually.
Dr.
Glenn
Olds
is
president
of Alaska
Paciﬁc
University.
Not
one
of the
Big
Ten,
not
one
of
the
P
A
C
Eight,
but
one
of the
challenges
that
Glenn
Olds
would
pursue
and
has
pursued.
He
illustrates,
in
his
personal
and
professional
life,
that
integration
of diversity
which
is
a
mark
of free
and
democratic
society
at its very best.
He
was
born
of
a
Catholic
father
and
—
catch
this
one
—
a
Mormon
mother,
with
a
Quaker
upbringing,
and
Methodist
ministry.
He
worked
his
way
through
high
school,
college,
and
three
graduate
schools
with
honors and
distinction —
as
a
logger, as
a ranch
hand,
as a
park
and
forest
:5"
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ra
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y
pr
ea
ch
er
.
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e
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a
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t
Gl
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do
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e
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e
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e
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e
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d
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"
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a
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g
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I p
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m
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by
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m
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m
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w
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ot
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s
I h
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,
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e
it
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ea
se
d
me
ve
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mu
ch
to
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ar
e
an
d
to
ex
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nd
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pp
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es
s
an
d
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ve
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So
,
it'
s
wi
th
re
jo
ic
em
en
t
an
d
gr
ea
t
jo
y
th
at
I s
ha
re
wi
th
yo
u
a
go
od
ma
n,
an
d
a
gr
ea
t
ma
n,
an
d
m
y
de
ar
fr
ie
nd
,
fo
r
wh
om
I
ha
ve
in
or
di
na
te
re
sp
ec
t
an
d
ad
mi
ra
ti
on
,
Pr
es
id
en
t
Gl
en
n
Ol
ds
of
Al
as
ka
Paciﬁc University.
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Can!
A
Planetary
Prototype
for Pioneering
Glenn A. Olds
Well,
I'm
humbled
as
you
would
imagine
by
those
words
from
my
good
friend,
Keith
Bulen.
Many
of our
speakers today began with an apologetic note by observing
they were
both puzzled
and
surprised about
how
they were
invited or why
they were
here.
I think you've sensed —
I
know
why
I'm
here.
I have
a
friend
in the
commissioner.
Now,
I notice in spite of our enduring friendship, that he is
a
cautious
man.
You
will
observe,
as
I
did,
that
the
program
states
that
the
agenda
of
the
day
was
finished
this afternoon.
We
were
told by the summation
that it
would
begin
again
in the
morning.
And
I'm
here
tonight,
happily sandwiched between
agendas.
I am
also mindful
of one
deﬁnition
of
an
expert:
his
expertise
is
to
be
measured by the square of the distance between
himself
and home.
Keith picked as far as he could go —
to Alaska
—
to bring me.
I'm sure
he
did that with
the
full
conﬁdence that it is so far that whatever damage I might
do tonight will be easy to backﬁll and repair without any
local turbulence, even in the United States and Canada.
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As a quipster once said, "I'd like to make a few remarks
before I begin to speak." I want to observe with you, as I'm
/
sure you must sense here in this magniﬁcent setting, that
I have rarely been invited to address as comprehensively
competent a group as this group that the commission has
assembled. This in itself was a bit terrifying to me, but
never have I been in the presense of so imposing an
audience [gesturing to the towering statue of Benjamin
Franklin]. I invite you to imagine how I feel here literally
dwarfed by Franklin. It does, however, serve as a kind of a
backdrop for what I want to say, although not really in my
original notes. I do remember that Ben Franklin, as our
first ambassador to the Court of France, in his ﬁrst memo
written home to the president, had the following to say of
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th
e
K
i
n
g
of
Fr
an
ce
.
(I
a
m
en
co
ur
ag
ed
,
be
ca
us
e
th
e
C
a
n
a
d
i
a
n
A
m
b
a
s
s
a
d
o
r
in
tr
od
uc
ed
hi
s
wi
fe
th
is
af
te
rn
oo
n.
)
Fr
an
kl
in
sa
id
of
K
i
n
g
Lo
ui
s,
"
U
n
d
e
r
n
o
r
m
a
l
ci
rc
um
st
an
ce
s,
he
wo
ul
d
ha
ve
be
en
a
gr
ea
t
ki
ng
,
bu
t
he
inherited a revolution."
Th
at
's
a
go
od
ba
ck
dr
op
fo
r
wh
at
I
wa
nt
to
sa
y
to
ni
gh
t,
be
ca
us
e
I
th
in
k
it
's
fa
ir
to
sa
y
th
at
al
mo
st
al
l
ou
r
re
ﬂe
ct
io
n
on
th
e
t
h
e
m
e
of
th
e
co
nf
er
en
ce
is
se
t
wi
th
in
a
co
nt
ex
t
of
a
hi
st
or
y
an
d
an
ex
pe
ct
at
io
n
of
a
re
as
on
ab
ly
ma
na
ge
ab
le
a
n
d
re
la
ti
ve
ly
st
ab
le
wo
rl
d
—
at
le
as
t
so
fa
r
as
th
e
bo
dy
of
kn
ow
le
dg
e
go
es
.
M
y
th
es
is
to
ni
gh
t
is
a
dr
am
at
ic
de
pa
rt
ur
e
fr
om
th
at
th
em
e.
I
w
a
n
t
to
ch
oo
se
,
as
an
ot
he
r
ba
ck
dr
op
fo
r
wh
at
I
ha
ve
to
sa
y,
a
mo
re
fi
t
me
ta
ph
or
fo
r
ou
r
ti
me
su
gg
es
te
d
by
Fr
an
kl
in
's
tr
en
ch
an
t
ph
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se
to
th
e
president.
U
n
d
e
r
no
rm
al
ci
rc
um
st
an
ce
s,
m
u
c
h
of
wh
at
we
'r
e
th
in
ki
ng
a
n
d
do
in
g
wo
ul
d
be
re
ma
rk
ab
le
,
hi
st
or
ic
al
ly
,
fr
om
an
y
pe
rs
pe
ct
iv
e.
Bu
t
we
,
to
o,
ha
ve
in
he
ri
te
d
a
re
vo
lu
ti
on
,
wh
o
s
e
pa
ce
a
n
d
m
a
g
n
i
t
ud
e
is
pl
an
et
ar
y
in
sc
op
e.
A
n
e
w
wo
r
l
d
is
a
b
o
r
n
i
n
g
to
w
h
i
c
h
th
e
ea
rs
of
th
e
y
o
u
n
g
ar
e
fa
in
tl
y
tu
ne
d,
bu
t
fo
r
wh
ic
h
th
e
in
st
it
ut
io
ns
of
ou
r
so
ci
et
y
ar
e
il
l-
su
it
ed
to
se
rv
e.
In
de
ed
,
as
m
a
n
y
of
m
y
fr
ie
nd
s
ha
ve
as
ke
d,
w
h
y
wo
ul
d
I
le
av
e
th
e
pr
es
id
en
cy
of
a
ma
jo
r
st
at
e
un
iv
er
si
ty
,
wi
th
a
go
od
de
al
of
mo
ne
y
an
d
bu
dg
et
,
to
go
to
Al
as
ka
to
bu
il
d
a
n
e
w
un
iv
er
si
ty
ou
t
of
th
e
ru
in
s
of
th
e
on
ly
pr
iv
at
e
un
iv
er
si
ty
up
th
er
e?
Th
at
un
iv
er
si
ty
h
a
d
go
ne
ba
nk
ru
pt
a
n
d
cl
os
ed
;
it
h
a
d
no
st
ud
en
ts
,
n
o
fa
cu
lt
y,
n
o
m
o
n
e
y
,
a
n
d
a
$5
mi
ll
io
n
de
bt
.
I
gr
an
t
th
at
th
er
e
ar
e
m
o
m
e
n
t
s
w
h
e
n
ev
en
I
as
k
th
at
question.
T
h
e
tr
ut
h
is
th
at
I
c
a
m
e
to
th
e
sa
d
co
nc
lu
si
on
af
te
r
se
rv
in
g
ni
ne
un
iv
er
si
ti
es
,
th
re
e
of
t
h
e
m
as
pr
es
id
en
t,
th
at
th
at
in
st
it
ut
io
n
de
si
gn
ed
by
ou
r
so
ci
et
y
to
be
an
in
st
ru
me
nt
of
se
lf
-c
ri
ti
ci
sm
an
d
se
lf
-r
en
ew
al
ha
s
co
me
to
be
on
e
of
th
e
mo
re
co
ns
er
va
ti
ve
,
se
lf
-s
er
vi
ng
in
st
it
ut
io
ns
of
ou
r
so
ci
et
y.
Wh
en
un
iv
er
si
ti
es
be
ga
n
to
be
pr
eo
cc
up
ie
d
wi
th
th
ei
r
su
rv
iv
al
,
th
ey
ce
as
ed
to
se
rv
e
th
e
cr
it
ic
al
cu
tt
in
g
ed
ge
of
se
lf
-r
en
ew
al
an
d
se
lf
-c
ri
ti
ci
sm
.
W
h
e
n
I
an
no
un
ce
d
th
at
I
wa
s
go
in
g
to
bu
il
d
a
un
iv
er
si
ty
wi
th
no
te
nu
re
an
d
no
de
pa
rt
me
nt
s,
mo
st
of
m
y
co
ll
ea
gu
es
wr
ot
e
me off as a mad man.
W
e
op
en
ed
wi
th
34
st
ud
en
ts
,
se
ve
n
ye
ar
s
ag
o,
wh
ic
h
is
n'
t e
xa
ct
ly
a
bi
gg
ie
,
ev
en
if
on
e
re
mi
nd
s
hi
ms
el
f
th
at
th
e
fi
rs
t
ac
ad
em
y
of
th
e
We
st
be
ga
n
—
as
I
re
mi
nd
ed
th
e
pe
op
le
in
Al
as
ka
——
wi
th
th
e
on
e
st
ud
en
t
Pl
at
o
ha
d.
Bu
t,
as
I
re
mi
nd
ed
th
em
,
he
wa
sn
't
ba
d.
Ar
is
to
tl
e
wa
s
th
e
fo
un
de
r
of
th
e
sc
ie
nc
e
of
me
di
ci
ne
,
an
d
bi
ol
og
y,
an
d
rh
et
or
ic
,
an
d
lo
gi
c,
an
d
se
rv
es
as
a
ki
nd
of
a
ph
il
os
op
hi
ca
l
ba
ck
dr
op
fo
r
2,
00
0
ye
ar
s
of
th
e
Ca
th
ol
ic
Ch
ri
st
ia
n
ch
ur
ch
.
So
I
sa
id
,
"D
on
't
be
me
sm
er
iz
ed
,
as
we
ha
ve
in
th
e
20
th
century, by size."
In
an
y
ev
en
t,
I w
as
se
t
fo
r
to
ni
gh
t,
th
e
be
st
wa
y
th
at
I
co
ul
d
pr
ep
ar
e.
I
kn
ew
th
e
cr
it
ic
al
im
po
rt
an
ce
to
m
y
fr
ie
nd
,
Ke
it
h,
th
at
I
no
t
la
y
a
gl
as
s
eg
g
he
re
,
in
su
ch
a
di
st
in
gu
is
he
d
au
di
en
ce
.
So
yo
u
ca
n
im
ag
in
e
m
y
co
ns
te
rn
at
io
n
wh
en
th
e
fi
rs
t
sp
ea
ke
r
th
is
mo
rn
in
g,
Dr
.
Cr
on
on
fr
om
Ya
le
,
my
ol
d
al
ma
ma
te
r,
in
tr
od
uc
ed
hi
s
re
ma
rk
s
by
de
po
si
ng
my
gr
ea
t
te
ac
he
r,
Fr
ed
Tu
rn
er
.
In
hi
s o
pe
ni
ng
an
d
cl
as
si
c r
em
ar
ks
,
he
sa
id
th
at
sc
ho
la
rs
no
w
kn
ow
th
at
Tu
rn
er
's
co
nc
ep
ti
on
of
th
e
ro
le
of
th
e
fr
on
ti
er
in
sh
ap
in
g t
he
ch
ar
ac
te
r o
f A
me
ri
ca
is
re
al
ly
ob
so
le
te
.
Th
er
e
we
nt
th
e
ﬁr
st
sec
tio
n
of
my
pa
pe
r,
be
ca
us
e
I
re
al
ly
ha
d
co
me
to
tel
l y
ou
th
at
on
e
of
th
e
re
as
on
s
th
at
I
ha
d
co
me
to
Al
as
ka
an
d
ha
d
th
ou
gh
t
I
mi
gh
t
ha
ve
so
me
th
in
g t
o s
ay
to
thi
s a
udi
enc
e,
wa
s m
y c
onv
ict
ion
tha
t
Al
as
ka
do
es
re
pr
es
en
t
on
e
of
th
e
la
st
fr
on
ti
er
s.
I
te
ac
h
log
ic.
I t
ell
the
stu
den
t,
"N
ev
er
use
'all
';
res
erv
e t
hat
for
God and the scientists."
  
   
I
t
h
o
ug
h
t
this
frontier,
in
effect
that
comprises
our
boundary,
would
be
a
choice
occasion
to
celebrate
some
of
those
insights,
w
a
r
m
e
d
over
to
be
sure,
from
Fred
Turner.
Alaska
comes
from
the
Eskimo
root
Aleyeska
which
means,
modestly,
"the
great
land".
I
see
one
of
our
people
from
Minnesota
wh
o
s
e
license
plate
says
"the
land
of
10,000
lakes";
w
e
have
two
and
a
half
million.
I
also
s
a
w
B
o
b
Rodale
here.
M
o
s
t
people
don't
think
of
Alaska
as
farming
country;
w
e
have
20
million
acres
of
farmable
land
up
there,
although
we're
only
farming
about
20
thousand.
Most
people
don't
know
we
have
a
longer
growing
season
north
of
the
Arctic
Circle
than
they
have
in
Iowa.
W
e
throw
cabbages
a
wa
y
if
they
aren't
larger
than
basketballs
in
the
Matanuska
Valley.
Well,
I'd
better
be
careful
here;
this
is
prolegomenon.
Anyway,
I
was
prepared
to talk
about that frontier, but
he
disposed
of
that.
Then,
as
successive
speakers
began
to
unfold
their
remarks,
I began
really
crossing
out
substantive
features
of what
I had
planned
to say,
until
I ﬁnally
retreated.
So,
at
lunchtime
I thought,
"Okay,
these
are
what
we
call in the trade, 'hard scientists'.
Maybe
I can make
an
end
run
around
the soft side as a misplaced humanist."
So
I was
reconstructing my
remarks
as one
who
had
come
up
on
C.
P.
Snow's
second
culture
side,
when
the
distinguished Commissioner Olson from Canada, would
you
believe,
in classic
humanist
tradition,
laid before
us
two classic characters — and classy characters — from
Shakespeare; two distinguished ladies of literature and
history,
one
a
lover
and
one
a
leader;
and
the
comprehensive critic and authority in medicine; then,
when he said "Occam", I thought, "Now I'm at home."
I thought he
would
leave philosophy alone; but here
comes Occam's razor, and I remembered that fundamental
line
of
Occam,
"Do
not
multiply
hypotheses
beyond
necessity."
Right, teacher!
And
I thought,
"Well I'll save
one
hypothesis
and
trot it out
tonight."
(You
know,
they
lost my
suitcase;
and
I spent
the
day without a
razor,
so
I
was
mindful
of
its
significance
as
a
utility
feature.)
But
then
the
distinguished
commissioner
raised
the
spectre,
and
—
can
you
imagine
for
an
Alaskan,
where
we
have
the
highest
rate
of suicide
in
America
—
he
talked
about
usingit
to
cut
our
own
throats.
W
h
e
n
he
did
this,
I
was
tempted
to
talk
to
Jim
Miller,
who
is
a
distinguished
psychiatrist,
about
some
local
therapy
quick
for tonight.
I
never
use
notes
from
which
to
speak.
I
learned
a
long
time
ago
what
m
y
ﬁrst
teacher
of speech
in
college
used
to
say:
"If you
speak
from
a
manuscript,
it's
like
courting
through
a
hedge.
You
can
hear
all
right,
but
the
contact's
poor."
To
return
to
the
metaphor
suggested
by
Franklin's
evoking
the
image
of
revolution
for
me:
that
metaphor
is
more
appropriately
the
transformation
of a
caterpillar to
a
butterfly.
Almost
all
of
our
planning
and
systems
are
linear
and
hierarchical.
They
consumate
by
integrating
lower
into
higher
forms.
But
I still remember
the
dilemma
and
puzzle
as
a
little
kid
in
that
one-room
school
out
in
Oregon,
when
I did
see a beautiful butterﬂy
finally emerge
from
a
cracked
cocoon.
All
of
us
youngsters
had
been
trying
to
repair
it
when
the
teacher
was
not
watching,
because
it seemed
to us
tragic
that a furry
caterpillar had
suddenly
become
imprisoned
and
now
was
ﬁnished
in
that
cracking cocoon.
Her
mindful
comments
to us
were
hardly
believable,
when
she
kept
telling
us,
"Wait
—
I have
a
surprise
in
store for you."
So
when
the
butterﬂy
finally
emerged, I was
convinced then, and
have been since, that a
proper
metaphor
for the
understanding
of human
history
is
in
the
analogy
of
the
serendipity
of
this
kind
of
unfolding.
I told
Dr.
Cronon
as
he
left that
the
only
difficulty
I
have
with
a
historian
is
that
it reminds
me
of
a
goose
ﬂying backwards.
The
flight is not so lofty and
the
aim
is
very rarely quite as vivid, if indeed you have an eye on the
future.
I
don't
mean
in
any
way
to
disparage
what
I
thought to be
very
telling comments
that
were
made.
My
only
point
was
that
I
have
a
livelier
sense
of
the
ﬁ
 
207
—
—
  
  
208
 
di
sc
on
ti
nu
it
ie
s
of
hi
st
or
y
th
an
he
.
T
h
e
m
e
t
a
p
h
o
r
of
N
e
w
En
gl
an
d
—
es
pe
ci
al
ly
af
te
r
ha
vi
ng
tr
ie
d
to
nu
rs
e
bo
ul
de
rs
to
li
fe
on
th
at
fo
nd
re
tr
ea
t
in
V
e
r
m
o
n
t
fo
r
30
ye
ar
s
—-
in
cl
in
es
m
e
to
be
li
ev
e
th
at
th
e
n
e
w
wo
rl
d
th
at
is
ab
or
ni
ng
is
al
mo
st
di
sc
on
ti
nu
ou
s
wi
th
th
e
wo
rl
d
ou
r
in
st
it
ut
io
ns
have been designed to serve.
It
's
in
th
at
se
tt
in
g,
so
yo
u'
ll
k
n
o
w
wh
e
r
e
I'
m
c
o
m
i
n
g
fr
om
,
th
at
I
wa
nt
to
sp
ea
k
to
ni
gh
t.
I'
ve
ev
en
go
ne
fu
rt
he
r.
I'
ve
be
en
a
bi
t
cr
ud
e,
if
no
t
ru
de
,
in
m
y
co
mm
en
ts
an
d
th
ey
'l
l
co
me
fo
rt
h,
I
th
in
k,
a
bi
t
mo
re
ab
ra
si
ve
th
an
pe
rh
ap
s
I
wo
ul
d
ha
ve
pr
ef
er
re
d
if
th
e
ti
me
ha
d
pe
rm
it
te
d
a
li
tt
le
el
ab
or
at
io
n.
Yo
u
al
so
ne
ed
to
kn
ow
wh
en
I
we
nt
to
Al
as
ka
——
I'
ve
al
wa
ys
ta
ug
ht
as
a
pr
es
id
en
t,
bu
t
it
wa
s
a
li
tt
le
ma
rg
in
al
at
Ke
nt
St
at
e
wi
th
30
,0
00
st
ud
en
ts
-—
Dr
.
E
v
a
an
d
I
we
re
th
e
fa
cu
lt
y
fo
r
th
e
fi
rs
t
ye
ar
.
I
ha
ve
co
nt
in
ue
d
to
te
ac
h
th
e
co
re
co
ur
se
,
fo
r
se
ni
or
s,
wh
ic
h
(I
to
ld
J
i
m
Mi
ll
er
,
to
da
y)
is
en
ti
tl
ed
"I
nt
eg
ra
ti
on
".
M
y
ta
sk
in
th
is
co
ur
se
is
to
pu
ll
to
ge
th
er
al
l
th
e
st
ra
nd
s
of
kn
ow
le
dg
e
in
th
e
fo
ur
ba
si
c
en
vi
ro
nm
en
ts
th
at
ar
e
th
e
co
re
of
ou
r
cu
rr
ic
ul
um
:
th
e
na
tu
ra
l
en
vi
ro
nm
en
t,
th
e
in
di
vi
du
al
en
vi
ro
nm
en
t,
th
e
so
ci
al
en
vi
ro
nm
en
t,
an
d
th
e
sp
ir
it
ua
l
en
vi
ro
nm
en
t.
I
te
ac
h
on
ly
on
e
ni
gh
t
a
w
e
e
k
fo
r
th
re
e
ho
ur
s,
so
I
in
vi
te
yo
u
to
im
ag
in
e
th
e
im
pr
is
on
me
nt
I
fe
el
,
yo
u
kn
ow
,
in
th
es
e
br
ie
f
30
mi
nu
te
s
th
at
ar
e
ha
lf
gone.
Fo
r
m
y
ta
lk
to
ni
gh
t
Ke
it
h
su
gg
es
te
d
th
at
I a
dd
re
ss
ne
t
h
um
a
n
be
ne
ﬁt
.
As
a
hy
br
id
Ca
na
di
an
-A
me
ri
ca
n
(m
y
mo
th
er
is
Ca
na
di
an
an
d
m
y
fa
th
er
,
Am
er
ic
an
)
an
d
th
e
so
n
of
tw
o
re
ma
rk
ab
le
pi
on
ee
rs
(m
y
gr
ea
t-
gr
an
df
at
he
r
on
m
y
fa
th
er
's
si
de
le
d
th
e
wa
go
n
tr
ai
n
fr
om
Mi
ch
ig
an
to
Or
eg
on
an
d
Or
eg
on
Te
rr
it
or
y,
wh
er
e
th
e
ﬁg
ht
in
g
st
an
ce
fo
r
th
os
e
ea
rl
y
Or
eg
on
ia
ns
lo
ng
be
fo
re
st
at
eh
oo
d
wa
s
"5
4—
40
or
ﬁg
ht
",
an
d
m
y
mo
th
er
's
gr
an
df
at
he
rl
ho
me
st
ea
de
d
in
Wa
rn
er
,
Al
be
rt
a,
ju
st
no
rt
h
of
Sw
ee
tg
ra
ss
an
d
th
e
Mi
lk
Ri
ve
r
in
So
ut
he
rn
Al
be
rt
a)
,
I
ha
ve
ch
os
en
to
ab
br
ev
ia
te
ou
r
tw
o
na
ti
on
's
na
me
s,
Un
it
ed
St
at
es
an
d
Ca
na
da
,
as
th
e
focus of my talk: "Us Can!"
,!+_L
It'
s a
lit
tle
co
rn
y.
It'
s p
oo
r g
ra
mm
ar
;
bu
t
I h
op
e
be
fo
re
th
e
ne
xt
15
mi
nu
te
s
ar
e
ov
er
,
yo
u
wi
ll
,
if
no
t
ag
re
ei
ng
,
be
at
le
as
t
pr
ov
ok
ed
to
th
in
k
ab
ou
t
th
e
th
es
is
an
d
th
e
co
nv
ic
ti
on
.
M
y
ti
tl
e
is
no
t
me
an
t
to
be
cu
te
or
tr
iv
ia
l.
It
cu
ts
co
un
te
r
to
th
e
pr
ev
ai
li
ng
mo
od
of
gl
oo
m
an
d
do
om
,
wh
ic
h,
in
it
s
se
lf
-f
ul
ﬁl
li
ng
pr
op
he
cy
,
cl
ou
ds
ou
r
ti
me
an
d
ou
r
co
un
tr
ie
s'
re
la
ti
on
sh
ip
s.
No
ul
ti
ma
te
re
so
lu
ti
on
of
bo
un
da
ry
ba
rr
ie
rs
,
or
bi
na
ti
on
al
or
gl
ob
al
is
su
es
,
is
pe
rm
an
en
tl
y
po
ss
ib
le
in
a
cl
im
at
e
of
cy
ni
ci
sm
.
At
ti
tu
de
s
of
th
e
mi
nd
,
li
ke
gi
an
t
el
ec
tr
o—
ma
gn
et
ic
fi
el
ds
,
at
tr
ac
t
or
re
pe
l
so
lu
ti
on
s
as
su
re
ly
as
th
e
co
mp
as
s
ne
ed
le
re
sp
on
ds
to
No
rt
h
or
gr
ou
nd
in
g
me
ta
l.
Ou
r
co
un
tr
ie
s
ca
ll
fo
r
co
mp
as
s
no
rt
h!
An
d,
m
y
re
ma
rk
s
ar
e
se
t
in
th
at
confidence.
Ke
it
h
ha
s
to
ld
yo
u
I a
m
an
ir
re
pr
es
si
bl
e
op
ti
mi
st
.
I t
el
l
m
y
st
ud
en
ts
,
"I
f y
ou
le
ap
fr
om
a
cli
ff,
yo
u
do
no
t
de
fy
th
e
la
w
of
gr
av
it
y;
yo
u
il
lu
st
ra
te
it
!"
So
,
in
ou
r
ti
me
,
th
e
cr
is
es
of
ou
r
na
ti
on
s
an
d
wo
rl
d
do
no
t
de
cr
y
an
ir
ra
ti
on
al
or
de
sp
oi
li
ng
wo
rl
d.
O
n
th
e
co
nt
ra
ry
,
th
ey
in
cr
ea
si
ng
ly
re
ve
al
th
e
re
al
co
nd
it
io
ns
of
ou
r
en
du
ri
ng
wo
rl
d,
it
s
in
co
mp
ar
ab
le
in
te
gr
it
y,
ec
os
ys
te
m,
be
ne
vo
le
nc
e,
an
d
re
si
li
en
t
po
we
r.
W
e
do
we
ll
to
he
ed
Ch
ri
st
op
he
r
Mo
rl
ey
's
tr
en
ch
an
t
wa
rn
in
g,
"D
on
't
wr
es
tl
e
wi
th
th
e
un
iv
er
se
;
yo
ur
arms aren't long enough!"
Ev
en
as
ou
r
pr
ob
le
ms
re
ve
al
en
du
ri
ng
co
nd
it
io
ns
th
at
of
fe
r
pr
om
is
es
,
so
m
y
re
ma
rk
s
ar
e
ro
ot
ed
in
an
ea
rt
hy
op
ti
mi
sm
th
at
ec
ho
es
ou
r
pr
es
id
en
t'
s.
Th
ey
ar
e
no
t
si
mp
li
st
ic
or
in
di
ff
er
en
t
to
th
e
po
we
r
of
ev
il
in
th
e
wo
rl
d,
at
te
nd
an
t
hu
ma
n
tr
ag
ed
y,
or
th
e
un
me
t
ne
ed
s
of
ou
r
ti
me
.
Ra
th
er
,
th
ey
ar
e
co
nd
it
io
ne
d
by
th
e
si
ng
ul
ar
co
nv
ic
ti
on
—
ev
id
en
ce
d o
ve
r
a
li
fe
ti
me
in
ph
il
os
op
hy
an
d
pu
bl
ic
se
rv
ic
e
—
th
at
co
nﬁ
de
nc
e
cr
ea
te
s
th
e
pr
op
er
cl
im
at
e
fo
r
so
lu
ti
on
s
an
d
nu
rt
ur
es
th
e
es
se
nt
ia
l
in
gr
ed
ie
nt
of
all
hu
ma
n
eff
ort
,
ho
pe
,
wh
ic
h
Pa
nd
or
a
fo
un
d
at
th
e
bo
tt
om
of
th
e
bo
x
wh
en
all the Furies were flown.
 
  
One
of the things that is being illustrated in our time,
is the marvelous resilience and
integrity of our universe,
which is far more overwhelming than our pathetic human
folly.
Indeed,
the
root
of
my
optimism
lies
in
the
conviction
that
this
new
world
that
is aborning
is
straining to articulate the radical dimensions of a world
that is inexhaustibly interdependent, and persuasively
planetary,
and
is
a
permanent
criticism
of
our
institutional, intellectual, and personal organizations of
how wedo business with the universe and world.
I've
chosen
that
upbeat
theme,
because
I happen
to
believe that we share a common tradition in the United
States and Canada that makes it essential, if not
inevitable, that these two nations, of all of the nations of
the earth — nations that share this common corridor of the
North, this wind tunnel of the Arctic, this DEW Line of
security signiﬁcance — should be the place where a
laboratory of innovative dimensions for exploring and
understanding the character of our universe should come
into its sharpest focus.
However poor the grammar, my theme, "Us Can!", is
really a symphony set in four movements:
1) Perplexities
2) Presuppositions
3) Perspective
4) Prescription
Like any symphony, the them} is set by the composer of
this conference and my friend "'in his suggestion "net
human beneﬁt". It is recurring in each movement. Each,
in turn, provides a clue.
Now, I looked up "net human beneﬁt". You know "net"
means a knotty seine for catching. "Human", of course, is
the Greek conviction where the macrocosm and microcosm
come together. It is the nexus, where all of the strands of
the universe come together. "Human" is the polestar of
our summation.
It is no egocentric device for catching, a
cover for our ignorance, a result, or something we make!
Human
is the metaphor for focusing the polarities of
freedom and order, creativity and system, multiplication
by division, and entropic reversal that the "unbounded"
human
brings to and transcends in every boundary and
system.
"Beneﬁt"
calls attention
to the marvelous multiplier
factor that is distinctly human, an effect that transcends
itself. It promotes, serves, enhances, and entertains for a
cause. This all reminds me of that wonderful line of
Houseman,
who
said
the
greatest
line
in
English
literature is, "He that seeks to save his life shall lose it,
and he that loses his life shall ﬁnd it." We have a chance
to see that the key to a kind of cosmic accounting is rooted
in that simple afﬁrmation. What a setting for our
suggested four movements!
Now, there'll be only time for the four points I wanted
to make in the context of a symphony.
The Perplexities
Just a word about the ﬁrst movement on perplexities:
Ours is a time of perplexing paradox. I was talking to your
genial and cryptic commissioner from Canada about
polarities. I choose to call them perplexities of the human
situation:
0
It seems easier to get a man to the moon, than to get
a man out of a boy.
0
As our world gets smaller, our problems seem to get
larger.
0
As
the obsolescence of nationalism becomes more
obvious, our obvious rise of nationalism becomes
more puzzling.
0
Our
disillusion with
power
as an
instrument for
human resolution rises with ourappetite for it.
0
Our investment in instruments of security seems to
accelerate our insecurity.
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o The more we venture into outer space, the more we
se
em
to
sh
ri
nk
fr
om
ex
pl
or
in
g i
nn
er
sp
ac
e.
0 The more we reject absolutes, the more we seem to
seek them.
a The more we perfect the means of communication,
th
e
mo
re
ill
usi
ve
an
d
dif
ﬁcu
lt
be
co
me
th
e
en
ds
to
communicate.
Th
at
's
th
e
hu
ma
n
con
dit
ion
.
It'
s
no
t
so
me
th
in
g
to
blu
bbe
r i
n o
ur
bee
r a
bou
t.
It'
s t
he
hu
ma
n s
itu
ati
on.
Th
es
e
pe
rp
le
xi
ti
es
re
mi
nd
us
of
Ni
et
zs
ch
e'
s
pe
ne
tr
at
in
g
ob
se
rv
at
io
n,
"T
ho
se
wh
o
kn
ow
on
ly
ho
w,
bu
t
no
t
wh
y,
ca
nn
ot
be
ar
th
e
bu
rd
en
of
be
in
g
hu
ma
n.
"
As
th
e
wo
rl
d
ge
ts
sm
al
le
r,
ou
r
pr
ob
le
ms
ge
t
lar
ger
,
no
t
be
ca
us
e
th
e
wor
ld
is
big
ger
, b
ut
our
mi
nd
s
are
.
We
no
w
ha
ve
the
ca
pa
ci
ty
in
a
gl
ob
al
ne
ig
hb
or
ho
od
to
en
co
mp
as
s
in
th
at
la
rg
er
pe
rp
le
xi
ty
th
e
ra
ng
e
an
d
na
tu
re
of
ou
r
hu
ma
n
si
tu
at
io
n.
It'
s e
as
ie
r t
o g
et
a m
an
to
th
e m
oo
n,
th
an
to
ge
t
a m
an
ou
t o
f a
bo
y,
as
ev
er
y t
ea
ch
er
or
pa
re
nt
kn
ow
s.
It'
s
als
o
a
ke
y
to
a
fu
rt
he
r
am
bi
gu
it
y
of
all
of
ou
r
sy
st
em
s
th
at
ar
e
le
ss
th
an
hu
ma
n.
In
th
e
en
d,
it
is
th
e
hu
ma
n
di
me
ns
io
n
th
at
ma
ke
s
th
em
wo
rk
or
no
t,
an
d
th
e
pr
os
pe
ct
of
th
at
ma
tu
ri
ty
is
pa
rt
of
ou
r a
mb
ig
ui
ty
.
We
ar
e
bo
rn
,
Gr
ee
k
my
th
no
tw
it
hs
ta
nd
in
g,
as
ch
il
dr
en
.
An
d
I
th
in
k
th
at
's
a g
oo
d
th
in
g,
al
th
ou
gh
I'v
e m
et
a l
ot
of
fa
cu
lt
y
who think it's otherwise.
I r
ec
og
ni
ze
a f
ur
th
er
pe
rp
le
xi
ty
th
at
th
e o
bs
ol
es
ce
nc
e o
f
na
ti
on
al
is
m
is
co
me
at
a
ti
me
wh
en
ou
r a
pp
et
it
e
fo
r m
or
e
of
it
se
em
s t
o b
e
gre
ate
r.
We
ar
e c
on
fr
on
te
d w
it
h
th
e f
act
th
at
th
e
mo
re
pe
rf
ec
t
we
ma
ke
ou
r
me
an
s
of
co
mm
un
ic
at
io
n,
th
e
mo
re
dif
fic
ult
it
ha
s
se
em
ed
fo
r u
s
to
talk to one another.
No
w,
wh
y
is
th
is
so
?
I j
us
t a
sk
as
a
ki
nd
of
a
hi
nt
, a
nd
le
av
e
th
at
fir
st
po
in
t h
an
gi
ng
th
er
e i
n y
ou
r
mi
nd
.
Is
it
po
ss
ib
le
th
at
it
ha
s
re
ma
in
ed
so
pa
ra
do
xi
ca
l
be
ca
us
e
we
ar
e
sti
ll
be
de
vi
le
d
by
di
ch
ot
om
iz
ed
th
in
ki
ng
?
Th
e
eit
her
/or
men
tal
ity
add
res
ses
alm
ost
eve
ry
pro
ble
m w
ith
a
sim
pli
sti
c a
ppr
oac
h t
hat
log
ic
has
lon
g s
inc
e a
ban
don
ed.
An
yon
e t
hou
ght
ful
abo
ut
the
com
ple
xit
y o
f h
um
an
life
ou
gh
t t
o k
no
w i
t is
not
rea
lly
ad
eq
ua
te
to
our
tim
e.
Co
ul
d
it b
e t
hat
the
eit
her
/or
men
tal
ity
we
use
to
ma
na
ge
our
con
cep
ts
an
d
our
wor
ld
is
too
sma
ll,
too
div
isi
ve,
too
"cl
ose
d"
to
emb
rac
e t
he
rea
l w
orl
d?
Do
we
pla
in
"mi
ss"
the
en
du
ri
ng
int
erc
onn
ect
ed
an
d i
nte
rde
pen
den
t s
yst
em
s
tha
t c
ons
tit
ute
our
cos
mos
, t
he
hu
ma
n c
ond
iti
on,
and
the
orc
hes
tra
tio
n o
f h
um
an
com
mun
ity
tow
ard
whi
ch
the
str
ain
of
pa
ra
do
x c
an
on
ly
po
in
t?
Ha
ve
we
ov
er
ta
xe
d o
ur
lef
t-b
rai
n,
lin
ear
men
tal
ity
,
unt
il
int
uit
ive
who
les
,
syn
opt
ic
sys
tem
s,
an
d
cos
mic
con
nec
tio
ns
ca
nn
ot
be
th
ou
gh
t
mu
ch
les
s
se
en
or
se
rv
ed
?
Li
ke
ad
di
ng
fra
cti
ons
, is
our
den
omi
nat
or
too
sma
ll?
I te
ll m
y s
tud
ent
s,
"If
you
've
ha
d
an
y
exp
eri
enc
e
in
ad
di
ng
fra
cti
ons
, y
ou
kn
ow
it
doe
sn'
t d
o m
uc
h
goo
d
to
han
g
in
the
re
wit
h
qu
ar
te
rs
or
hal
ves
.
If
yo
u'
ve
go
t
an
ei
gh
th
or
a
si
xth
han
gin
g a
rou
nd,
you
hav
e t
o g
et
it i
nto
the
sum
."
But
thi
s
is
our
men
tal
ity
.
My
pr
es
um
pt
io
n h
as
bee
n:
Lo
ok
for
a
co
mm
on
den
omi
nat
or
tha
t's
big
eno
ugh
to i
nco
rpo
rat
e t
he
fractions.
 
[U]
nit
y i
n d
ive
rsi
ty
is u
lti
mat
e s
imp
lic
ity
...
. W
ha
t t
he
hu
ma
n
mi
nd
is
hu
ng
er
in
g f
or
to
da
y b
ot
h p
oli
tic
all
y
an
d s
oci
all
y —
an
d,
ala
s,
it’
s c
re
pt
int
o t
he
uni
ver
si
ty
— is simplicity t_hi_§ side of complexity.
Str
ang
ely
,
ma
ny
of
our
me
an
es
t b
ou
nd
ar
y
pr
ob
le
ms
are
int
ra-
, n
ot
int
er-
mur
al.
Ref
lec
t o
n t
hei
r h
ist
ori
c a
nd
geo
gra
phi
c n
atu
re:
Leb
ano
n,
Vie
tna
m,
Pol
and
, C
ent
ral
Ame
ric
a,
Per
sia
n G
ulf
. I
s t
hei
r i
ntr
act
abl
e i
rre
sol
uti
on
a
pro
duc
t o
f to
o n
arr
ow
a d
iam
ete
r o
f di
sso
nan
ce,
too
sma
ll
a
setting for global and real solutions?
 
  
Is
it
too
anthropocentric
to
surmise
some
cosmic
strategy here?
Perplexity should drive curiosity to fresh
awareness and openness to larger connections.
As
with
nearly every human
dilemma or ambiguity,
perplexity is
prophetic
in
prompting
a
new
and
more
inclusive
connection.
Could
this be
called, in
our
computer
age,
BASIC
to boundaries?
Could this be the cutting edge for
the
last
of
J.S.
Mills'
methods
for
causal
analysis,
residue?
Is the
unresolved
residue
of our broken
systems
like our native
sourdough,
the yeast for every new
batch
that keeps it rising, lively and ultimately beneﬁting our
human health?
Perhaps in our local and more provincial preoccupation
with
U.S./Canada
boundary
conditions
and
issues,
we
have
lost their global
connections.
May
it be
that
President
Reagan's
initial
intuitive
grasp
of
the
interconnection
of
our
North
and
South
boundaries
(Canada and Mexico) as a prototype for the wider world's
most difﬁcult task to connect North and South as well as
East and West, in which both Canada and the United
States are set in the middle, is our needed clue? At least
the suggestion points in the direction of my
presuppositions.
And so I've asked — no offense, Keith, to you and your
colleagues — is it possible that one of the dilemmas we
face in this conference is too narrow a diameter for the
distances that our monitoring system would seek to
embrace? That's my own view. I think that the US. and
Canada ought to be large enough, at least, to be responsive
to the ﬁrst speech that our President made on foreign
policy back in 1980. He indicated that he thought it might
be appropriate for North America to get together.
Wouldn't it be more effective and appropriate if we
enlarged the diameter of the boundary to provide the
context sufﬁcient for the solution? So much for the
perplexity.
The Presuppositions
A
word
now
about
the
presuppositions.
I
have
six,
a
little
heavy.
You
know
that
presuppositions
are
not
scientiﬁc
hypotheses
or
theological
dogma.
They
lie
somewhere
between
the
simplicity
of
isolated
and
uninterpreted
fact
on
the
one
hand,
and
seasoned
and
universal
principles
on
the
other.
They
are
exploratory
principles
that
get
the
larger
search
going.
They
are
useful
guidelines,
hard-won
generalizations
to weigh,
and
be
weighed
by,
a
wider
range
of
fact
and
interior
coherence.
They
may
derive
from
one
or several
systems
simultaneously.
I
set
some
before
you
as
propositions,
some
as
reasons,
and
some
as
sleepers.
I hope
they'll
be
usefultoyou.
The
ﬁrst
is the
inexhaustible
energy
of the
human
mind.
I
call
this,
for
most
modelers
and
planners,
the
Meadows
mistake.
When
Meadows
did his analysis
of the
limits to growth,
the one
thing he left out of his analysis of
human
resources
was
the
human
mind.
Immanuel
Kant
said, a long time ago, the only thing Hume had left out was
the mind, when he was trying to describe it. One of the
tasks, and one of the reminders of a conference like this, is
the
rediscovery
of the
inexhaustible
potential
of the
human
mind.
Dr.
Miller reached
for it this afternoon
when he talked about negative entropy. If time permitted,
I would
talk
about
the
reversal
of entropy
in
the
introduction of the human mind. Thomas Huxley, Julian's
dad, in the last century said, "With the advent of man",
(He was a little chauvinist those days; you women will
forgive me. We don't have many here, so your forgiveness
will be more charitable.) —— he said, "With the coming of
man, the principles of natural evolution have been
superseded, if not inverted." And that introduction is a
critical dimension ofall modeling.
Second, unity in diversity is ultimate simplicity.
Oliver Wendell Holmes said once "I wouldn't give a ﬁg for
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simplicity this side of complexity, but I'd give my life for it
on the other." Simplicity on the other side of complexity is
unity in diversity. It is that synoptic integrity that
resonates with cosmos, not chaos, uni-verse, not multi-
verse. It is the secret to human and cosmic "netting", a
key to net human benefit. What the human mind is
hungering for today, both politically and socially — and,
alas, it's crept into the university —- is simplicity this side
of complexity. This is a caution for all our modeling.
[Tlhere are no provincial boundaries that can be
properly understood independent ofthe impact of all
boundaries of the whole human situation.
Third, cosmic accounting adds up human beneﬁt.
Bucky Fuller, a dear friend of mine, used to say, "If those
persons" (to the Alaskan audience) "were really interested
in cosmic accounting with respect to oil, the price per
barrel would be a little over a million dollars." It took a
couple of hundred million years to orchestrate that. That
sedimentary basin was really the graveyard of life in an
earlier history. If you're thinking cosmically and not in
some narrow time frame, you come out with a different
accounting system. It expands time, space, and value
dimensions of calculation, and drives human bookkeeping
toward multi-entry, multi-causal, planetary grids. It
predicts and prescribes synergy, where the whole is more
than the sum of its parts, and where surprises of counter-
intuitive results are both serendipitous and expected. It is
the appropriate context for "beneﬁt". Human is here
universalized. Cosmic accounting is not only synergetic,
but in a larger sense, it simply forces the human mind to
transcend our provincial, national, and parochial
boundaries.
Four, and this is probably the most profound thing I'll
say tonight, and I have to leave it in that context:
simultaneous interdependence is the cosmic event. I can't
apologize for being a philosopher. But if you understand
Einstein at all, you know this is what moved him beyond
the special case of relativity in the 1890's to the general
theory in the late teens. This realization — that
simultaneous interdependence is the cosmic event — is the
cosmic reminder that there are no provincial boundaries
that can be properly understood independent of the impact
of all boundaries of the whole human situation. It
challenges conventional linear views of time, space, and
value and suggests a deeper resolution of quantum
quandries about the behavior of matter-energy boundaries
and the dualities of information boundaries. It provides a
clue to the cosmic networking that converges on all
boundaries. The consequence of that is both signiﬁcant
and enormous.
Five, function earns a structure. This is why I have
vacillated in my own life between the theoretical
preoccupation of a university and the practical
involvement of politics. Action is catalytic and creative at
every boundary situation. It introduces the possibility of
innovation, innovation in a manner that no contemplative
reﬂection does. It may prescribe a whole new course for
the systems that meet there. It may be a systems
analogue for "peak experience", "critical incident",
"teachable moment", or "emergent property". It suggests
a challenge to the imagination in every human boundary
situation, and the invitation to inventive action that
transcends all boundaries. The function of action is
critically important. As I tell our faculty, one of the
differences between being a teacher of philosophy and a
president is that in philosophy you can permanently resist
the necessity of a choice. Well, that's enough. Function
earns a structure.
  
 Finally, the cosmic connection is a given and a gift.
It
is illustrated in that earlier-mentioned classic insight of
Jesus which England's poet A.E. Housman described as
the most telling line in all literature, "He that seeks to
save his life shall lose it, and he that loses his life shall
save it." It deﬁnes that higher arithmetic at work in
cosmic calculation, in which we multiply by division, and
add by subtracting. It is the logic that comes slowly in all
human systems and is that new definition of power that
Alfred North Whitehead suggests has disturbed and defied
the world since Bethlehem. It suggests clues for a new
agenda in all boundary conflict and resolution. It is, in the
final analysis, the interlocking root of living systems of all
sorts; and it illustrates that all living systems have the
capacity of self-transcendence. The self-transcendence of
all living systems carries with it the possibility of the
transcendence of the whole. It's in this sense that the
religious traditions of the West, especially in their theistic
mode, have argued for that transcendent referent in all
our boundary situations. Enough ofthat.
The Perspective
The perspective now, and I'm virtually ﬁnished, is the
ﬁve-by-ﬁve matrix (Figure 11). I have tried in careful
design to lay out what, if I had the time, would be an effort
to address your central theme, namely a monitoring
system for the boundary situation. So I've chosen a grid.
Across the top are the boundaries, the methods, the
agencies, the strategy, and the monitoring mechanisms.
Down the side are the ﬁve systems that we've talked about
and need to interrelate: the physical system, matter-
energy interchange; the symbolic system, the information
at a boundary; the social system, the political boundary;
the value system, the ideological boundary; and then for
you who still love to fly and have a sense of openness, I call
it the open system, the open boundary of all innovative
systems.
Humans are many-splendored, as are ecological
systems. Both strain toward "a more perfect union" in
which dissonance and difference are gathered up in a
higher unity.
Any "net human benefit", therefore, must
reﬂect this dynamic multidimensionality, in all systems,
boundaries, methods, and strategies.
Too long our specializations and narrow nationalisms
have kept our problems and our thinking in too narrow
and unproductive compartments. Our ecological analyses
have too often omitted the human dimension. Our
economic and social systems have too often ﬂoundered on
the ideological or value side. Our conference workshop
theme, planning documents, and presentations call for
transcending these limits and embracing a richer, more
holistic, perspective.
The hierarchical character of systems suggests a way of
characterizing a transboundary monitoring network that
can be integrated horizontally and vertically under the
present mandate of the International Joint Commission of
the United States and Canada. The handout (Figure 11)
suggests an operational perspective.
Prescription
Well, I'll leave it there and conclude with a
prescription. In the light of all of this, what can be
prescribed? The old dean of St. Andrews used to greet the
freshman class by saying, "Laddies, sure and it's easier to
shout 'forward' than to tell you 'whither'. " In a sense, it's
easier just to shout "forward" than to tell you "whither",
but I'm going to tell you whither (at no extra price) here at
the end.
I think the first requirement is recovering our capacity
to relearn the ABC's: attitude, belief, and commitment.
In attitude I'm with ourpresident, in the conviction that
attitude is like a giant electromagnetic ﬁeld. It attracts or
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[Ed Note: See example pro-
vided by AgRISTARS in Ap-
pendix C, pp. 677 — 690.]
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 repels
answers
to
problems.
Anyone
who
approaches
the
magnitude
of
this
kind
of
problem
with
the
attitude
that
it's
insoluble,
imponderable,
and
impossible,
will
really
never
ﬁnd
it.
W
e
need
to
embrace
the
magnitude
of
the
emerging
ecosystematic
problems
as
an
occasion
and
invitation
for
open
interrogation
and
innovation
and
growth.
Our
positioning
(I
speak
now
especially
as
an
Alaskan;
and
believe
it
or
not,
we
are
part
of
the
United
States
and
intimately
related
to
Canada,
loaded
with
resources
and
strategic
positioning
—
but
that
is
another
speech
for
another
time!)
is
in
the
North,
astride
the
great
circle
air
routes,
closer
to
the
capitals
of
the
Northern
Hemisphere than anywhere on earth.
W
e
are
the
northern
corridor
for climate
control;
the
ice
house
storage
of
the
world's
largest
water
reserves,
the
most
critical resource
for the
earth
in the
21st
century;
the
security
perimeter
of
strategic
missile
systems
and
communication satellite networks; the spawning grounds
of the
North
Paciﬁc
and
North
Atlantic,
nurturing
the
earth's future food supply that will come from the sea; the
laboratory
for
liberating
and
franchising
the
indigenous
peoples of North
America,
earliest human
immigrants
from
Asia;
home
of
the
ﬁrst
modern
revolutionists,
pioneering
in
freedom
new
nations
of an
open
and
free
society;
siblings in the
same
ideological household
of
pluralistic faiths in an incredible democratic experiment
in orchestration of difference; productive enough to help
developing economies play catch—up ball in our world
series; inventive enough to ﬁnd new instruments of
collaboration and cooperation; politically mature enough
with heads of state popular enough to lead us in new
directions; old fashioned enough to hold steady on
enduring and tested values, yet young enough in spirit to
try new and imaginative ways appropriate to a space-age
mentality and planetary perspective; and wise enough to
trust the voluntary initiative and creative genius of a free
people. Now is the time for new initiatives aimed at net
human beneﬁt.
Beliefs:
Our
belief
system
in
the
Western
tradition,
particularly
in
both
the
U
S
.
and
Canada,
permits
us
to
entertain,
at
every
boundary
situation,
the
understanding
of
its
transcendent
referent.
A
n
d
that
referent
points
beyond
itself,
which
is
not
only
characteristic
of all
h
u
m
a
n
consciousness;
but
I
think
it's
true,
as
well,
of
all
living
systems.
The
young
m
a
n
who
represented
our
congressional
subcommittee
today
stated,
essentially,
"Life
is
the
resistance
to
every
form
of
death."
(I
want
to
invite
him
to
visit
some
of
our
universities.)
I
recognize
that
those
who
resist
the
sunshine
law
want
nothing
ever
to die, particularly their folly.
Our
shared
beliefs
need
broadening
to
build
on.
W
e
share
as
a
people
common
traditions
that
afﬁrm
a
transcendent
dimension
to
all
boundary
situations.
The
whole
we
believe
is
not
only
greater
than
the
sum
of
its
parts,
we
believe
it is
higher,
and
indeed
in
our
religious
traditions,
even
holier.
W
e
reject
the
reductionistic
logic
of
scientiﬁc
materialism,
the
flat,
one—storied
philosophy
of
ideological
communism
as
a
world
view
without
basement,
upstairs,
or the
ventilation
of human
freedom.
We
anchor
our
prizing of human
freedom
in a
Divine
and
Cosmic
condition
of
creation,
and
its
counterpart
—
a
genuinely
free
and
open
society.
We
believe
ends
and
means
are
intrinsically
related,
and
no
means
can
be
justiﬁed
that terrorizes or does
violence to the
integrity of
free persons
and
the
institutions that nurture
that life.
This
concept
of
belief
is
critically
important
to
resolution
and, ﬁnally,
commitment.
One
of the acid tests
of the
validity
of
any
idea
is
its
capacity
to
get
off the
library
shelf and
into
the
arena.
I've
even
coined
a
new
word
for
our
faculty:
We
call
them
"pracademicians".
That's
kind
of hard
to
pronounce,
but
it's a
good
concept.
You
know,
academics
do
know
a
lot about
why,
but
some
can't ﬁnd
the
handle;
and
the
practitioner
may
know
a
great deal about
how,
but not
why.
We
think
that
any
committed leader must know the integration both of why
-
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an
d
ho
w,
bo
th
th
eo
ry
an
d
pr
ac
ti
ce
.
W
e
pr
ea
ch
a
be
li
ef
in
an
at
ti
tu
de
th
at
's
co
mp
re
he
ns
iv
e
an
d
in
cl
us
iv
e,
bu
t
w
e
ha
ve
m
o
v
e
d
to
wa
rd
wi
th
dr
aw
al
s
y
m
p
t
o
m
s
on
th
e
bo
rd
er
in
ec
on
om
ic
,
po
li
ti
ca
l,
an
d
ev
en
so
ci
al
te
rm
s.
W
e
ar
e
no
w
ca
ll
ed
up
on
to
pr
ac
ti
ce
wh
at
we
pr
ea
ch
—
no
t
on
ly
to
re
gi
on
al
iz
e,
bu
t
to
gl
ob
al
iz
e
th
es
e
be
li
ef
s.
Ou
r
co
mm
it
me
nt
to
th
e
ch
ar
te
r
an
d
pr
om
is
e
of
th
e
Un
it
ed
Na
ti
on
s
sy
st
em
wa
s
a
go
od
st
ar
t.
Bu
t
we
ha
ve
be
en
mo
vi
ng
aw
ay
fr
om
th
at
vi
si
on
an
d
pr
ov
is
io
n.
Re
ce
nt
re
tr
ea
t
in
bo
th
ou
r
co
un
tr
ie
s
to
st
ra
te
gi
es
of
pr
ot
ec
ti
on
is
m
pa
ra
di
ng
in
th
e
na
me
of
se
cu
ri
ty
on
ly
th
wa
rt
s
th
e
in
ve
nt
iv
en
es
s
of
fr
ee
do
m,
th
e
pr
od
uc
ti
vi
ty
of
th
e
ma
rk
et
pl
ac
e
an
d
fr
ee
tr
ad
e,
th
e
li
fe
bl
oo
d
of
a
fr
ee
so
ci
et
y
an
d
wo
rl
d.
Ap
pe
al
to
po
li
ti
ca
l
po
we
r,
ov
er
ra
ti
on
al
co
ns
id
er
at
io
ns
an
d
fa
ct
ua
l
gr
ou
nd
s,
ca
n
on
ly
ob
st
ru
ct
(n
ot
enhance) collaboration.
I'
m
re
mi
nd
ed
ev
er
y
da
y
in
Al
as
ka
of
a
do
rm
an
t
Al
as
ka
-
Ca
na
da
pi
pe
li
ne
wh
ic
h
en
ga
ge
d
th
e
mi
nd
s
of
a
gr
ea
t
m
a
n
y
pe
op
le
.
Si
x
hu
nd
re
d
mi
ll
io
n
do
ll
ar
s
we
re
sp
en
t
fo
r s
tu
di
es
,
bu
t
it
wa
s
a
po
li
ti
ca
ll
y
co
nt
ri
ve
d
so
lu
ti
on
to
a
pr
ob
le
m
th
at
's
fa
r
mo
re
co
mp
re
he
ns
iv
e
th
an
po
li
ti
ca
l.
Th
e
cu
rr
en
t
st
al
em
at
e
of
th
e
pi
pe
li
ne
is
ro
ot
ed
in
po
li
ti
ca
l
ne
gl
ec
t
of
ge
og
ra
ph
ic
,
ec
on
om
ic
,
an
d
h
u
m
a
n
re
al
it
ie
s
th
at
co
ul
d
be
re
ad
on
th
e
ru
n.
Me
an
ti
me
,
we
co
nt
in
ue
to
p
um
p
ga
s
ba
ck
in
to
th
e
gr
ou
nd
of
Al
as
ka
's
No
rt
h
Sl
op
e
an
d
si
t
on
an
es
ti
ma
te
d
50
-4
50
tr
il
li
on
cu
bi
c
fe
et
of
na
tu
ra
l
ga
s
no
t
ev
en
headed for market.
Li
ke
ge
es
e
fl
yi
ng
ba
ck
wa
rd
,
we
re
tr
ea
t
fr
om
th
e
na
tu
ra
l
di
ct
at
es
of
ou
r
in
te
rd
ep
en
de
nt
sy
st
em
s.
We
'r
e
ha
vi
ng
tr
ou
bl
e
wi
th
th
e
Po
rc
up
in
e
ca
ri
bo
u
he
rd
be
tw
ee
n
th
e
Yu
ko
n
an
d
Ca
na
da
.
Th
e
ca
ri
bo
u
do
n'
t
re
co
gn
iz
e
th
e
li
ne
.
Th
e
fi
sh
of
f
ou
r
co
as
t
ar
e
cu
ri
ou
sl
y
in
se
ns
it
iv
e
to
th
e
th
re
e-
mi
le
li
mi
t;
an
d
in
th
e
la
rg
er
or
ch
es
tr
at
io
n
of
th
e
wi
nd
tr
an
sf
er
s
ac
ro
ss
th
e
co
nt
in
en
t,
an
d
ac
id
ra
in
,
th
er
e
se
em
s
to
be
no
ci
vi
l
en
gi
ne
er
am
on
g
th
e
or
ch
es
tr
at
or
s
of
the wind.
Wh
en
wi
ll
we
be
Wi
se
en
ou
gh
to
ca
tc
h
up
wi
th
th
e
el
em
en
ta
l
wi
sd
om
of
th
e
un
iv
er
se
wi
se
en
ou
gh
to
sp
aw
n
us
?
As
Bu
ck
y
Fu
ll
er
us
ed
to
sa
y,
"G
iv
e
us
to
ol
s
of
de
st
ru
ct
io
n a
nd
sti
ll
tr
us
t u
s w
it
ho
ut
a
wo
rk
bo
ok
on
ho
w
it
wo
rk
s.
"
Th
is
is
a
da
ri
ng
fa
it
h
in
us:
to
gi
ve
us
th
e
st
ew
ar
ds
hi
p
of
th
is
ki
nd
of
a
sp
ac
es
hi
p
wi
th
no
ow
ne
r'
s
ma
nu
al
an
d
wi
th
ve
ry
lit
tle
in
si
gh
t
in
to
ho
w
to
ma
in
-
tain it.
In
it
ia
ti
ve
s
re
ce
nt
ly
co
nc
lu
de
d
in
my
ad
op
te
d
St
at
e
of
Ve
rm
on
t
(w
he
re
my
ro
ck
fa
rm
be
co
me
s
"b
ou
ld
er
"
by
th
e
ye
ar
)
wi
th
Qu
eb
ec
in
hy
dr
op
ow
er
ex
ch
an
ge
an
d
pu
rc
ha
se
;
th
e
la
te
st
Wa
sh
in
gt
on
St
at
e/
Br
it
is
h
Co
lu
mb
ia
re
so
lu
ti
on
of
wa
te
rs
he
d,
da
m
si
te
,
an
d
po
we
r
ex
ch
an
ge
fo
r
en
vi
ro
nm
en
ta
l
pr
ot
ec
ti
on
;
an
d
ot
he
r
in
it
ia
ti
ve
s
po
in
t
cl
ea
rl
y i
n
th
e
di
re
ct
io
n
of
br
oa
de
ne
d
be
li
ef
s.
Co
mm
it
me
nt
is
th
e
ﬁn
al
in
gr
ed
ie
nt
of
a
cr
ed
o
fo
r
mo
vi
ng
fo
rw
ar
d.
Pe
na
lt
ie
s
fo
r
to
o
mu
ch
ti
me
in
th
e
hu
dd
le
ar
e
no
t
co
nﬁ
ne
d
to
fo
ot
ba
ll
.
Th
e
co
st
in
ne
t
hu
ma
n
be
ne
ﬁt
fo
r
de
la
y
in
ac
ti
on
so
cl
ea
rl
y
ma
nd
at
ed
by
th
e
co
nd
it
io
n
of
ou
r s
ys
te
ms
,
is
hi
gh
,
an
d
th
e
ho
ur
is
la
te
!
 
[L
]e
t
at
te
nt
io
n
to
mo
di
fi
ed
te
ch
no
lo
gy
,
al
te
re
d
en
vi
ro
nm
en
t,
[a
nd
]
co
nv
er
gi
ng
in
fo
rm
at
io
n
in
vi
te
th
e
fr
ee
ly
al
te
re
d
hu
ma
n
re
sp
on
se
..
..
Le
t
th
e
ai
m
no
t
be
to
co
ns
tr
uc
t
a
mo
ni
to
ri
ng
sy
st
em
..
..
[L
]e
t
th
e
fo
cu
s
be
on
ma
xi
mi
zi
ng
ne
t
h
u
m
a
n
be
ne
fi
t.
..
A
se
co
nd
co
nd
it
io
n
fo
r
a
ne
w
tr
an
sb
ou
nd
ar
y
mo
ni
to
ri
ng
sy
st
em
is
to
un
de
rs
ta
nd
th
e
st
ra
te
gy
of
ch
an
ge
th
at
is
no
t
di
sr
up
ti
ve
an
d
co
un
te
rp
ro
du
ct
iv
e.
I
ca
ll
it
th
e
ec
ol
og
ic
al
ve
rs
io
n
of
th
e
he
do
ni
c
pa
ra
do
x,
wh
ic
h,
yo
u
re
me
mb
er
, p
oi
nt
s o
ut
th
at
if y
ou
ai
m a
t p
le
as
ur
e,
yo
u m
is
s
 
 it.
Bucky
Fuller
used
to
say,
"There
are
no
straight
lines
in
nature."
It
was
his
way
of
arguing
for
strategies
of
"indirection"
in
effecting
change.
"Don't
try
to
change
h
u
m
a
n
nature
directly,
Glenn,"
he
used
to
say
to
m
e
when
I
chaired
his
International
Design
Science
Institute.
"Rather,
let
attention
to
modiﬁed
technology,
altered
environment,
converging
information
invite
the
freely
altered human response."
There
is
a
key
here
for
action.
Let
the
aim
not
be
to
construct a monitoring system.
Rather,
let the focus
be
on
maximizing
net human
beneﬁt
—
binationally, regionally,
and
globally,
drawing
the
necessity
to
structure
a
system
to guide and sustain it.
Our
greatest
success
has
been
in
marshaling
human
potential
for
creativity
and
enterprise
around
a
few
consummate
projects.
Wars,
alas,
have
often performed
this
catalytic
function,
with
scientific, productive,
and
inventive
fall-out
or
consequence.
With
the
most
unimaginable
consequence
of
a
nuclear
war,
we
are
challenged to ﬁnd
constructive alternatives.
Putting a
man
on the moon
was one such effort —
mobilizing over
15,000
different
subsystems
of scientiﬁc
and
human
support service, with breakthroughs in remote sensing,
satellite surveillance of natural resources, and a wide
variety of scientiﬁc inventiveness for net human beneﬁt.
Further
exploration
of
space,
the
seas, and the self
invite imaginative project mobilization, in which mon-
itoring systems follow in support and elaboration.
Let me mention a few such projects, some of which may
seem far out and ﬁctional; but it is of today's ﬁction that
the stuff of tomorrow is made:
0 A giant midcontinent canal, carrying the waters of
Alaska, Canada, and the Artie to the high plains of
Canada, the United States, and Mexico, for fresh
water, irrigation, and transport.
0
A
connecting
link
for
the
trans-Canada/Alaska/
Siberia
railroad
network,
with
adjacent
highway
permitting
land
travel
from
Montreal,
Toronto,
N
e
w
York,
and
Chicago
to
Moscow,
Paris,
and
London
—
opening
up
the
vast
interior
of
the
American
and
Asian
continents
to
economic
and
cultural
exchange,
access
to
resources,
and
domesticating
without
despoiling
the
earth.
Developing
a
prototype
for
a
new
international
monetary
system
—
rooted
in
exchange
of goods
and
services,
operating
in
a
free
trade
market,
responsive
to
real
resources
and
needs,
and
monitored
by
a
new
form
of
computer
and
cosmic
bookkeeping by
a new
kind
ofWorld
Bank.
(I
recommended
this
informally
and
personally
once,
as
a
new
and
inexperienced
US.
Ambassador
to
the
Economic
and
Social
Council
of
the
United
‘ Nations,
before
O
P
E
C
and
the
bankruptcy
of
the
current
monetary
system.
Alas,
at
that
time
it
seemed
too
dangerously
far out,
and
nearly
cost me
my
post.
It is now
clear
that
no
tinkering
with
the
current system
is satisfactory.
The
reasons
are
not
hard
to ﬁnd.
Money
was
designed
as
a
medium
of
exchange.
All we
have
to exchange
are goods
and
services.
Gold,
sterling,
oil are
all
arbitrary
and
fortuitous
substitutes.
It
should
be
possible
to
design
goods
and
services
into
rational
units
for
exchange,
enormously
simplifying
accounting,
spurring the free market of trade and exchange,
with
a
nominal
service
charge
to
sustain
and
monitor the
system with
minimal
strain.
Can
you
imagine
what
would
happen
to
U.S.—Canadian
relations
if
the
embarrassing,
often
irrational,
occasionally humiliating, monetary exchange
rates
were gone?)
So
I
say,
let
Canada
and
the
United
States
design a miniature model of a new monetary system
rooted
in the
exchange
of goods
and
services.
Let's
forget
about
this monetary
exchange
which
is a
L
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vu
lg
ar
co
rr
up
ti
on
ev
er
y t
im
e w
e
cr
os
s t
he
bo
rd
er
.
It
us
ed
to
so
ur
ev
er
y
tr
ip
we
ma
de
to
So
ut
he
rn
Al
be
rt
a,
wh
en
we
we
re
ge
tt
in
g
mo
re
in
th
e
ex
ch
an
ge
an
d
vi
ce
ve
rs
a.
It'
s t
im
e
to
de
si
gn
a
ne
w
ki
nd
of
en
er
gy
sy
st
em
.
We
ha
ve
th
e
ca
pa
ci
ty
to
co
nv
er
t
ou
r
na
ti
on
al
ba
nk
sy
st
em
in
to
th
at
ty
pe
of
ex
ch
an
ge
,
an
d
we
co
ul
d
do
it
in
a
loc
al
wa
y
th
at
would have phenomenal impact for us.
0
De
si
gn
a n
ew
ci
ty
fo
r t
he
No
rt
h
Po
le
to
be
co
mp
le
te
d
in
20
20
,
to
se
rv
e
as
a
pr
ot
ot
yp
e
fo
r
a
fu
ll
y
mo
ni
to
re
d,
en
vi
ro
nm
en
ta
ll
y
so
un
d,
an
d
air
-
co
nd
it
io
ne
d
ci
ty
of
th
e
fu
tu
re
.
It
co
ul
d
be
do
ne
by
int
egr
ati
ng
cur
ren
t t
ech
nol
ogy
an
d s
tat
e o
f t
he
art
.
Th
e
No
rt
h
Po
le
,
un
li
ke
th
e
So
ut
h,
is
no
t
en
cu
mb
er
ed
by
po
li
ti
ca
l
co
nt
ro
ve
rs
y
of
ow
ne
rs
hi
p.
Th
e
sit
e,
as
tr
id
e
th
e
po
le
,
is
an
id
ea
l
gl
ob
al
mo
ni
to
ri
ng
st
at
io
n f
or
in
te
gr
at
in
g a
ll
ec
ol
og
ic
al
an
d
hu
ma
n
sy
st
em
s,
sat
ell
ite
an
d
se
cu
ri
ty
sy
st
em
s,
a
ha
lf
wa
y
ho
us
e t
o s
pa
ce
se
tt
le
me
nt
, e
xp
er
im
en
ta
ti
on
an
d
te
st
in
g,
an
d
a
fr
es
h,
ne
w,
ho
pe
fu
l
st
ra
te
gy
fo
r
exciting and innovative imagination.
[T
lh
e
st
ra
te
gy
fo
r
th
is
ki
nd
of
co
nf
er
en
ce
is
th
e
st
ra
te
gy
of
in
di
re
ct
io
n.
..
.
[T
lh
er
e’
s
no
di
re
ct
li
ne
to
institutional change.
I e
nd
as
I b
eg
an
,
wi
th
a c
ri
sp
su
gg
es
ti
on
.
I w
as
go
in
g t
o
sa
y,
ﬁn
al
ly
,
th
e
st
ra
te
gy
fo
r t
hi
s
ki
nd
of
co
nf
er
en
ce
is
th
e
st
ra
te
gy
of
in
di
re
ct
io
n.
I
ca
ll
it
th
e
ec
ol
og
ic
al
ve
rs
io
n
of
th
e
he
do
ni
c
pa
ra
do
x,
wh
ic
h
I m
en
ti
on
ed
ea
rl
ie
r:
"I
f y
ou
ai
m
at
pl
ea
su
re
,
yo
u
mi
ss
it.
"
My
th
eo
ry
is
th
at
al
mo
st
ev
er
y
va
lu
ed
di
me
ns
io
n
of
th
e
bo
un
da
ry
si
tu
at
io
n
is
co
ns
eq
ue
nt
ia
ll
y
in
di
re
ct
iv
e.
If
Bu
ck
y
Fu
ll
er
us
ed
to
sa
y
th
er
e
ar
e
no
di
re
ct
li
ne
s
in
na
tu
re
,
I
ca
n
tel
l
yo
u,
as
a
har
rie
d p
res
ide
nt,
an
d a
s a
tea
che
r,
tha
t t
her
e's
no
dir
ect
line to institutional change.
My
las
t
su
gg
es
ti
on
co
nc
er
ns
th
at
cit
y
at
th
e
No
rt
h
Pol
e.
We'
ve
bee
n s
pan
kin
g t
his
con
cep
t i
nto
life
for
the
pa
st
se
ve
ra
l m
on
th
s
in
Al
as
ka
.
Wa
ll
y
Hi
ck
le
, o
ur
fo
rm
er
go
ve
rn
or
an
d f
or
me
r S
ec
re
ta
ry
of
th
e I
nte
rio
r,
ch
ai
rs
th
at
co
mm
it
te
e o
f t
he
boa
rd.
I r
eal
ly
try
to
get
the
bo
ar
d t
o d
o
exc
iti
ng
thi
ngs
, b
eca
use
the
y'r
e a
bit
mo
re
ad
ve
nt
ur
ou
s
th
an
fac
ult
y,
gen
era
lly
. W
al
ly
wa
s e
xci
ted
. W
e
ha
ve
be
en
tal
kin
g a
bo
ut
bui
ldi
ng
tha
t n
ew
cit
y.
It'
s t
he
onl
y p
lac
e,
yo
u
kn
ow
,
wh
er
e
we
don
't
hav
e,
ini
tia
lly
,
the
cri
tic
al
pol
iti
cal
pro
ble
ms.
The
env
iro
nme
nta
l
pro
ble
ms
are
en
or
mo
us
.
I h
av
e t
his
the
ory
tha
t i
fyo
u k
ne
w h
ow
to
do
it,
it w
oul
d h
ave
phe
nom
ena
l f
all
out
for
all
kin
ds
of b
oun
dar
y
sit
uat
ion
s.
Im
ag
in
e
at
th
e
No
rt
h
Pol
e,
a
mo
ni
to
ri
ng
sy
st
em
for
the
wor
ld,
for
the
pla
net
, a
ha
lf
wa
y h
ou
se
to
the
moo
n,
exp
eri
men
tat
ion
wit
h r
esp
ect
to
spa
ce
exp
lor
ati
on.
It'd
be
a l
ot c
hea
per
.
I k
no
w t
hat
the
gro
und
is s
hak
y.
I
kn
ow
tha
t i
ce
is
mo
vi
ng
.
I d
on'
t w
an
t
a s
imp
le
pr
ob
le
m
lik
e s
oli
d l
and
.
I m
en
ti
on
it
her
e i
n t
his
sma
ll
gr
ou
p
in
som
e c
onf
ide
nce
, b
ut
as
pro
tot
ypi
cal
of
eve
ryt
hin
g I
've
tried to say.
Wel
l,
the
re
yo
u h
av
e i
t.
All
tha
t i
s n
ee
de
d i
s t
o h
ea
r
the
bea
t o
f bu
tte
rfl
y w
ing
s o
f th
at
who
le,
hol
y C
osm
os
tha
t
sus
tai
ns
our
lif
e, i
nvi
tes
our
par
tne
rsh
ip,
an
d r
ew
ar
ds
our
res
pon
sib
le
fre
e
act
ion
;
the
n,
let
the
coc
oon
s
of
our
cra
mpe
d c
onv
ent
ion
al
hab
its
of m
in
d a
nd
ins
tit
uti
ons
fall
awa
y.
Let
thi
s b
e t
he
sym
bol
for
our
ne
w o
pen
nes
s t
o o
ur
aut
hen
tic
hu
ma
n
res
our
ces
, o
ur
nee
d/d
esi
re
to
par
tne
r i
n
sys
te
ms
tha
t
tra
nsc
end
our
ow
n,
an
d
the
net
hu
ma
n
ben
eﬁt
acc
rui
ng
to
us
all.
An
d t
he
Int
ern
ati
ona
l J
oin
t
Com
mis
sio
n w
ill
be
pra
ise
d a
s a
pla
net
ary
pro
tot
ype
for
pioneering.
I end with the challenge of my title: Truly if Us Can,
you can; and if you can, we can. Let's go.
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Keith
Bulen
Thank
you
dear
friend.
I'd
like
to recognize
the
co-chairman
of the
workshop
to
adjourn
us
and
extend
our
thanks
to
our
featured
speaker
this
evening.
Richmond
Olson.
Richmond
Olson
An
estate
to
which
I
had
never
hoped
to
aspire.
Olds,
next
year
we
in
the
West
celebrate
many,
many
birthdays
of
Bach
and
Handel,
and
many,
m
a
n
y
people
have
attempted
to
tell
us
about
Bach
and
Handel
and
they
will
continue
to
do
so.
But
the many
people that have
told us about Bach
and
Handel
are
not
going
to
tell us
about
you.
I
think
we
have
been
in
the
presence
of
a
creative
mind,
and
that
is an
experience.
I
was
extraordinarily
thrilled
to
have
been
in
your
presence.
Two
people
have
said
something, that I share.
One
was
Horace and
many
of
you
are
going
to
correct
my
remembrance, but it is "And
what he
greatly
thought, he nobly dared."
[From
Odyssey IL]
The other is from a more
recent person, Neil
Diamond,
who
says,
"When
I
fly
away,
shadows on the things that we love." Thank
you very much.
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Let our faith, which in darkness and coldness has lain,
Revive with the warmth and the brightness again,
And in blooming of flower and budding of tree
The symbOIS and typest our €19.5th see;
As surely as... [Mother Earth] will engulf you tomorrow, so surely will
The “f6 0f the 5"""9't'me' the me Of the Whale’ I
she bring you forth anew to new striving... And not merely “some
And’ as sun to the Sleepmg eanh‘ love to the SOUL
day”: now, today, every day she is bringing you forth, not once but
—
John Greenleaf Whittier, "April“ (1852)
thousands of times".
Figure 12. a continuing birthday for net human benefit?
— Erwin Schroedinger
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We
ha
ve
fav
ore
d
sel
f—a
sse
rti
on
Ove
r
int
egr
ati
on,
ana
lys
is
ove
r
syn
the
ses
,
rat
ion
al
kn
ow
le
dg
e
Ove
r i
ntu
iti
ve
wi
sd
om
,
sci
enc
e
ove
r
rel
igi
on,
com
pet
iti
on
ove
r
coo
per
ati
on,
exp
ans
ion
ove
r
con
ser
vat
ion
,
an
d
so
on.
Thi
s
one
-si
ded
de
ve
lo
pm
en
t
has
no
w
rea
che
d a
hig
hly
ala
rmi
ng
sta
ge;
a c
risi
s o
f s
oci
al,
eco
log
ica
l,
mor
al,
and spiritual dimensions.
—— Fritjof Capra, The Tao ofPhysics (1985)
Per
hap
s t
his
ag
e o
f s
pec
ial
ist
s i
s in
nee
d o
f c
rea
tiv
e t
res
pas
ser
s..
..
[Wj
e h
ave
lea
rnt
fro
m t
he
pas
t t
hat
imp
ass
es
in e
vol
uti
on
can
onl
y b
e
ov
er
co
me
by
so
me
ne
w
dep
art
ure
in
an
une
xpe
cte
d
dir
ect
ion
.
Wh
en
ev
er
a
bra
nch
of
kn
ow
le
dg
e
be
ca
me
iso
lat
ed
fro
m
the
mai
nst
rea
m,
its
fro
zen
sur
fac
e h
ad
to
cra
ck
up
and
th
aw
bef
ore
it
could be reunited with living reality.
—- Arthur Koestler, The Sleepwalkers (1959)
[T]
he
dis
cov
eri
es
of
sci
enc
e d
o n
ot
cre
ate
som
eth
ing
out
of
not
hin
g;
the
y c
omb
ine
, r
ela
te
and
int
egr
ate
alr
ead
y e
xis
tin
g b
ut
pre
vio
usl
y
sep
ara
te
ide
as,
fac
ts,
ass
oci
ati
ve
con
tex
ts
—-
men
tal
hol
ons
.
Thi
s a
ct
of
cro
ss-
fer
til
iza
tio
n
app
ear
s t
o b
e t
he
ess
enc
e o
f c
rea
tiv
ity
, a
nd
to
jus
tif
y
the
ter
m
"bi
soc
iat
ion
.".
..
Bis
oci
ati
on
in
sci
enc
e
me
an
s
com
bin
ing
hit
her
to
unr
ela
ted
cog
nit
ive
hol
ons
in s
uch
a w
ay
tha
t a
ne
w l
evel
is a
dde
d t
o th
e h
ier
arc
hy
of
kno
wle
dge
, w
hic
h c
ont
ain
s t
he
previously separate structures as its members.
—— Arthur Koestler, Janus: A Summing Up (1978)
Wh
en
you
wan
t s
ome
thi
ng
ver
y b
adl
y y
ou
do
not
ext
end
you
r e
ye
and
han
d a
uto
mat
ica
lly
; y
ou
jus
t a
dmi
re.
Ins
tea
d o
f i
mpu
lsi
vel
y
mak
ing
a m
ove
fro
m y
our
side
, y
ou
all
ow
a m
ove
fro
m t
he
oth
er
side
, wh
ich
is l
earn
ing
to d
anc
e wi
th t
he s
itua
tion
. Y
ou
do
not
hav
e
to
crea
te t
he
who
le
situ
atio
n;
you
just
wat
ch
it, w
ork
wit
h i
t an
d
lear
n to
dan
ce
wit
h it.
So t
hen
it d
oes
not
bec
ome
you
r cr
eati
on,
but
rather a mutual dance.
~— Chogyam Trungpa, The Myth of Freedom (1976)
We
hav
e a
pro
ud
trad
itio
n of
reso
lvin
g tr
ans
bou
nda
ry
env
iro
nme
nta
l
problems. We intend to carry that tradition forward. As neighbours
and
cus
tod
ian
s of
our
com
mon
her
ita
ge
we
mus
t d
o n
o le
ss.
Muc
h
remains to be done.
By a
gre
ein
g to
kee
p ac
id r
ain
on
our
age
nda
, Mr
. P
resi
dent
, w
e s
igna
l
our joint determination to solve this problem. Your Secretary of State,
our
Sec
ret
ary
of S
tate
for
Exte
rnal
Affa
irs,
and
oth
er c
abi
net
offi
cial
s,
will direct this vital effort and report regularly to us.
I am confident that we can move to early and substantial reductions of
dam
age
to o
ur e
nvi
ron
men
t.
This
rem
ain
s ou
r ur
gen
t go
al.
I am
ver
y
grateful for your personal support in meeting this challenge.
— Canadian Prime Minister Brian Mulroney (March 19, 1986)
Ecologists have long lamented the world's casual approach toward
altering ecosystems with scant understanding of the consequences.
Two
rec
ent
stud
ies
—
one
by
the
Wor
ld
Ban
k
on
Ethi
opia
’s
det
eri
ora
tin
g a
gric
ultu
ral
eco
sys
tem
, a
nd
one
by
a Y
ale
Univ
ersi
ty
res
ear
che
r on
the
effe
cts
of a
ir p
ollu
tion
and
acid
rain
on
nor
the
ast
ern
U.S.
fore
sts
—
hav
e as
sess
ed t
he
effe
ct o
f g
row
ing
stre
ss,
phys
ical
or
che
mic
al,
on
eco
sys
tem
s.
Bot
h t
race
the
stag
es
of d
ete
rio
rat
ion
as
pressures intensify. Each reaches the same conclusion: If the stresses
are great enough, the ecosystem will deteriorate and eventually
collapse.
—— Lester R. Brown and Edward C. Wolf, "Assessing Ecological
Decline” in State of the World (1986)
It is probably true quite generally that in the history of human
thinking the most fruitful developments take place at those points
where two different lines of thought meet.
— Werner Heisenberg
 
  
Perspectives IV
(On
Deciding
T
b
M
N
Essentials)
"Monitoring,
transboundary
and
otherwise,
is to
provide
information for shaping
public
policy in the
environmental
and
resources management fields."
—
Walter
A.
Lyon
(January
1986)
"It is formalization
of this [decision
support]
system,
elimination
of
many
of
its limitations socially
and
politically, and
arranging
for
a greater
flow
and
use
of
information
which
is being
asked
for
in the TbMN
idea."
[T]he
integration of environmental
components
into
developmental
programs
may
require
the
evolution
of a
political structure whose
primary
responsibilities
are
to
promote
and
to
advocate
the maintenance of environmental
quality in all
planning activities...
It is a
sobering
thought
that
any
major
public
decision about
resource use and environmental
management,
even
in
northern
countries,
involves a large measure
of uncertainty because
of contemporary ignorance of physical and
biological systems and because of evolving
techniques
and
social values...
Any
kind
of environmental
intervention, such as pest control or road building, is likely to
produce unexpected results. The past experience of wildlife
biologists and managers should remind them that if they are to help
political decision—makers deal intelligently with wildlife and
environmental problems generally, they must understand how
different groups value wildlife and how their evidence and
programs are perceived by different publics....
Studies of the linkages between natural resource systems and human
political, economic, and social systems are not fads of passing
intellectual concern. They are and will remain essential to human
survival, given the increases in human populations and the larger set
of forces set in motion by their aggregate activities. The fragmented
nature and constraints of most current developments and social
science models mean that many methods and ideas should be used
to gather information for contributions to a future understanding
which will form the basis for ecologically viable and sustainable
resource processes.
—— Stuart A. Marks, The Imperial Lion: Human Dimensions of
Wildlife Management in Central Africa (1984)
-—
John
Eric Edinger (December
1985)
If there is a
lesson to be
learned
in the experience of nations with
development
projects,
it
is
not
that
humans
are
incapable
of
bettering
their
condition
through
development,
but
rather
that
working
against
Nature,
and
disregarding
natural
processes
and
systems, will sooner or later defeat development goals.
Ecologically
sustainable development
is a
more
inclusive and
complex
concept
than
is superficially
apparent...
"Development"
implies
change
towards
improvement;
but
whether
improvement
actually
occurs
will
depend
heavily
upon
the
values
that
are
sought
through
development,
and
upon
adequate
attention
being
given
to
the
factors that may frustrate the achievement of development goals...
Understanding
the
meaning
of
"development"
in a
full, holistic
sense
appears
to
require
a
process
of
social
learning
that
is
inherently slow, being influenced by the growth of knowledge and
communicated information.
-—
Lynton K. Caldwell, "Political Aspects of Ecologically
Sustainable Development" (Winter 1984)
The word "learning" undoubtedly denotes change of some kind.
To
say what kind of change is a delicate matter.
However, from the
gross common
denominator, "change", we
can deduce that our
descriptions of "learning" will have
to make
the same sort of
allowance for the varieties of logical type which has been routine in
physical
science
since
the
days
of
Newton...
In
ordinary,
nontechnical parlance, the word
"learn" is often applied to what is
here called "zero learning", i.e., to the simple receipt of information
from an external event, in such a way that a similar event at a later
(and appropriate) time will convey the same information: I "learn"
from the factory whistle that it is twelve o'clock.
— Gregory Bateson, Steps to an Ecology ofMind (1972)
T
—
 
221
   
  
222
   
Supercomputers and their successors hold some promise for moving
decision support systems further along the continuum toward self-
correction and self-instruction (learning). Transboundary monitor-
ing networks may then provide much of the feedback that is the
wherewithal for this process of upgrading the base of awareness.
Shared at all societal levels, such computer-based decision support
systems could serve all participants in ecomanagement — assisting in
sustainable forms of development, in longer-range weather
forecasting, and in the monitoring of health and the diagnosis of
disease.
New capabilities in computation bring us considerably closer to the
development of expert systems that are not stultified (asare most of
today's) but which truly "learn" as they are employed in helping to
solve man/environment problems:
Essentially, expert systems seek to transfer the expertise of
human specialists onto a computer program in the form of rules. For
example, certain medical diagnoses could be expressed as chains of
lF/THEN rules: IF a certain symptom is present, THEN check the
blood-sugar level. The thrust of the expert-systems approach is that
all kinds of expertise can be represented in properly ordered
sequences of lF/THEN rules.
The problem with expert systems is that they generally address only a
tiny base of knowledge, and the rules are fixed.... That means expert
systems are frozen slices of information that can't adapt to change.
Crudely put, an expert system knows something by rote; a EURISKO
system [a computer program (designed by Doug Lenat) that learns
from mistakes] can learn it from experience... The business
implications of expert systems that could learn to reason by analogy
are staggering. These "learning expert systems" could, over time,
reprogram themselves to be more productive. Theoretically, they
could discover new ways of performing tasks more effectively.
The intellectual theme of Lenat's machine learning research is
“Heuristics”. Heuristics are the intellectual tools — the rules of
thumb — that people use in the course of attempting to solve
problems and make decisions. The trick is figuring out how to
represent these rules in computer code in such a way that a program
can successfully transform them into learning behavior.
Lenat likens intelligent problemsolving to using a map to find one's
way. Without the map, a traveller has no idea which way to go. The
map makes searching for the right way to go much easier. The key is
constraints, argued Lenat, who asserted that "intelligence is the
ability to zero in effectively on a solution despite the apparent size of
the search space." To understand concepts such as "intelligence" and
"knowledge", one has to understand the rules...
The importance of the rules of rules burned into Lenat's research
efforts when he developed a computer program called AM
(Automated Mathematician).... AM was a novel approach to expert
systems because it was designed to discover new concepts rather than
solve old problems... In a Darwinian form of conceptual evolution,
AM derived hypotheses that either proved interesting and true, and
thus were kept in the program's repertoire, or were intellectual dead
ends and thus were discarded... Ultimately, however, the AM
approach proved sterile. "AM ground to a halt because, unlike
humans," it never learned any new rules based on its mistakes, Lenat
said. "It put together concepts that were awful and that people
instantly recognized were awful " but that the machine did not.
What Lenat recognized was that, to be truly effective, AM had to do
more than just generate new concepts: It had to discover and test
rules about discovering concepts. In effect, AM had to learn how to
learn. That was the genesis of EURISKO.
Rather than express rules in complicated forms of lF/THEN statements,
[Lenat] decided to break them down into their fundamental
attributes. In effect, he based EURlSKO rules in terms of key words —
adjectives and nouns — rather than complete sentences... Instead of
testing something broad, such as an IF/TH EN hypothesis, EURISKO also
is capable of testing all the components, all the names and
descriptions, within that hypothesis and determining what about a
hypothesis makes it work or not work.
Mutations create new concepts that are tested against the
environment. Some concepts "succeed" and EURISKO adopts them;
others "fail" and become the programming equivalent of dinosaurs...
The program [still needs] a broader base of knowledge — common
sense.
Armed with common sense to go along with its programmed
expertise in a specialty subject, [the] next generation EU RlSKO will be
a powerful intellectual tool for design, analysis and discovery,
according to Lenat.
An artificial-intelligence system that can learn to become an expert
could be the most significant step yet to rivaling human intelligence.
— Michael Schrage, "Artificial Intelligence: Teaching Computers
Power of Creative Stupidity" (December 1, 1985)
  
  
Expert systems that learn are the kind of tool we need for bringing
our synthesizing capabilities in line with our talents for analyzing
(for taking things apart). Cost-effective ecomanagement is
contingent on maintaining a balance between reductionist
endeavors and those endeavors which address living systems as
whole entities. As scientific method and modern technology have
given us new insights by rewarding our efforts to peer into more and
more miniscule phenomena, they have also encouraged our
tendency to do reductionistic rather than holistic thinking. Finding
tools that enable us to better synthesize a plethora of salient
interrelationships is a continuing challenge to pursuing
ecomanagement in a cost-effective mode.
[T]he great curse of humanity is the opposable thumb. This governs
man's attitude oflooking at things. It is typified by the small boy
who isn't content to run his toy train, he must take it apart. Having
taken his toy train apart, he no longer has one. We fall into this nit-
picking, this manipulation by tearing things apart, what you call
internal analysis, because it is so much a part of our own
organization that it is very difficult for us to look at the emergent
properties. In the case of the ecosystem it‘s almost impossible,
becau5e we stand inside it anyway. The great boon to humanity was
that people were a long time taking molecules apart, because we
would never have learned any chemistry if we had started by taking
the molecules apart; we would never have learned any physics
either. We learned physics because we couldn‘t take rocks apart too
easily, and this is how you learn to look at mass and energy.
50 you have to stand off and look at the whole system to understand
its properties. This is the great ecological problem, and this is the
great autecological problem. People think it’s too simple just to
measure an activity. But this is all observational, rather than
analytical. The truth of the matter is that one man's observations are
the next man's analysis. You take the properties of a level of
organization and use those observations to analyze the next level of
organization below it. If you take the properties too many steps
down you're being stupid: and you cannot go in the other
direction... [T]here is no general way of going from autecology to
synecology. There is a way of coming back to autecology from
synecology, but you cannot go the other way.
One thing I can't understand is why this is not made explicit in the
most elementary of textbooks.
— F.E.J. Fry, "Comments on 'Ecological Analysis and the Fry
Paradigm ' " in Journal of the Fisheries Research Board of
Canada (February 1976)
[T]he tools which would teach men their own use would be beyond
price.
— Plato, "The Republic”, Dialogues
[T]he more complex systems at higher levels manifest characteristics,
more than the sum of the characteristics of the units, not observed at
lower levels. These characteristics have been called emergents.
Significant aspects of living systems at higher levels will be neglected if
they are described only in terms and dimensions used for their lower-
level subsystems and components. It is the view of Braynes, Napalkov,
and Svechinskiy that the remarkable capabilities of both the computer
and the human brain derive from the complex way in which the
elements are combined. Individual nerve cells, and parts of the
computer, have less functional scope. I agree that certain original
aspects — new patterns of structure and process — are found at
higher levels which are not seen at lower ones. For these new qualities
new terms and dimensions are needed. But that is no reason for a
complete, new conceptual system. Scientific unity and parsimony are
advanced if we simply add the necessary new concepts to those used
at lower levels. Moreover, it is vital to be precise in describing
emergents. Many have discussed them in vague and mystical terms. I
oppose any conceptualization of emergents (like that held early, and
later rejected, by some Gestalt psychologists) that involves inscrutable
characteristics of the whole, greater than the sum of the parts, which
are not susceptible to the ordinary methods of scientific analysis.
— James Grier Miller, Living Systems (1978)
Every living holon has the dual tendency to preserve and assert its
individuality. such as it is, but at the same time to function as an
integrated part of an existing whole, or an evolving whole.
—— Arthur Koestler, The Ghost in the Machine (1967)
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in
fi
ve
ye
ar
s,
re
ne
we
d
do
wn
to
th
e
las
t s
in
gl
e
at
om
,
we
en
du
re
on
ly
in
th
e
sh
ap
e,
fo
rm
,
an
d
pa
tt
er
n t
ha
t
ar
e a
ss
ur
ed
by
ou
r
ge
ne
ti
c
bl
ue
pr
in
t.
Ou
r
re
pl
ac
em
en
t
pa
rt
s
co
me
in
co
ns
ta
nt
fl
ow
fr
om
th
e
ea
rt
h
its
elf
.
Th
e
ca
rb
on
at
om
s
in
my
bo
dy
we
re
on
ce
of
th
e
ea
rt
h
an
d
sha
ll
be
ag
ai
n,
on
ly
to
be
ex
ch
an
ge
d
fo
r
mo
re
of
th
e
sa
me
.
Af
te
r
le
av
in
g
my
bo
dy
th
ey
ma
y
re
-e
nt
er
me
at
a
la
te
r t
im
e,
un
li
ke
ly
th
ou
gh
it
ma
y
be
.
Or
th
ey
ma
y
be
fi
xe
d
fo
r a
wh
il
e
in
th
e
bo
dy
of
so
me
on
e
el
se
—
or
so
me
th
in
g
el
se
—
in
thi
s
un
en
di
ng
ro
un
d
of
"b
io
da
nc
e"
,
th
is
da
nc
e
of
life.
Bi
od
an
ce
——
th
e
en
dl
es
s e
xc
ha
ng
e
of
th
e e
le
me
nt
s
of
liv
ing
th
in
gs
wi
th
th
e
ea
rt
h
its
elf
——
pr
oc
ee
ds
sil
ent
ly,
gi
vi
ng
us
no
hi
nt
th
at
it
is
ha
pp
en
in
g.
It
is
a
de
rv
is
h
da
nc
e,
an
im
at
ed
an
d
pu
rp
os
ef
ul
an
d
di
sc
ip
li
ne
d;
an
d
it
is
a
da
nc
e
in
wh
ic
h
ev
er
y
liv
ing
or
ga
ni
sm
participates.
Th
es
e
ob
se
rv
at
io
ns
si
mp
ly
de
fy
an
y
de
fi
ni
ti
on
of
a
sta
tic
an
d
fi
xe
d
bo
dy
.
Ev
en
ou
r
ge
ne
s,
ou
r
cl
ai
m
to
bi
ol
og
ic
in
di
vi
du
al
it
y,
co
ns
ta
nt
ly
di
ss
ol
ve
an
d
ar
e
re
ne
we
d.
We
ar
e
in
a
pe
rs
is
te
nt
eq
ui
li
br
iu
m
wi
th
th
e
earth.
Ye
t
th
e
bo
un
da
ry
of
ou
r
bo
dy
ha
s t
o
be
ex
te
nd
ed
ev
en
fa
rt
he
r t
ha
n
th
e e
ar
th
its
elf
.
We
kn
ow
th
at
cer
tai
n e
le
me
nt
s
in
ou
r
bo
dy
,
su
ch
as
th
e
ph
os
ph
or
us
in
ou
r
bo
ne
s,
we
re
fo
rm
ed
at
an
ea
rl
ie
r
st
ag
e
in
th
e
ev
ol
ut
io
n o
f o
ur
ga
la
xy.
Lik
e m
an
y
el
em
en
ts
in
th
e e
art
h’s
cru
st,
it w
as
cy
cl
ed
th
ro
ug
h
th
e
li
fe
ti
me
of
se
ve
ra
l
st
ar
s
be
fo
re
ap
pe
ar
in
g
ter
res
tri
all
y,
ev
en
tu
al
ly
fi
nd
in
g
its
wa
y
in
to
ou
r
bo
dy
.
A
str
ict
ly
bo
un
de
d
bo
dy
do
es
no
t e
xis
t.
Th
e c
on
ce
pt
of
a p
hys
ica
l I
th
at
is
fi
xe
d
in
sp
ac
e
an
d
th
at
en
du
re
s
in
ti
me
is
at
od
ds
wi
th
ou
r
kn
ow
le
dg
e
th
at
liv
ing
str
uct
ure
s
ar
e
ric
hly
co
nn
ec
te
d
wi
th
th
e w
or
ld
ar
ou
nd
th
em
.
Ou
r
ro
ot
s g
o d
ee
p;
we
ar
e a
nc
ho
re
d i
n t
he
sta
rs.
Ou
r
co
nn
ec
ti
on
s
wi
th
th
e
wo
rl
d
ou
ts
id
e
us
ar
e
mo
re
el
ab
or
at
e
sti
ll.
No
t
on
ly
ar
e a
to
ms
ex
ch
an
ge
d w
it
h t
he
ea
rt
h,
en
ti
re
mo
le
cu
le
s
ca
n b
e
ex
ch
an
ge
d
be
tw
ee
n
di
st
an
t
or
ga
ni
sm
s.
Fo
r
ex
am
pl
e,
bac
ter
ial
pl
as
mi
ds
——
rin
gs
of
DN
A
—
ca
n
be
in
co
rp
or
at
ed
by
pla
nts
, c
au
si
ng
cer
tai
n f
or
ms
of
pla
nt
tu
mo
rs
to
dev
elo
p.
Ev
en
DN
A,
th
e
bui
ldi
ng
blo
ck
for
th
e g
ene
s,
ca
n t
her
efo
re
be
sh
ar
ed
be
tw
ee
n
liv
ing
or
ga
ni
sm
s
as
dis
sim
ila
r
as
ba
ct
er
ia
an
d
pla
nts
.
Th
us
no
t
on
ly
ar
e
bo
un
da
ri
es
be
tw
ee
n
or
ga
ni
sm
s a
nd
th
e o
ut
si
de
wo
rl
d
sm
ud
ge
d
an
d
bl
urr
ed
, t
he
y
dis
sol
ve
be
tw
ee
n o
rg
an
is
ms
th
at
ar
e r
adi
cal
ly
dis
sim
ila
r.
—
Lar
ry
Do
ss
ey
, M
.D
.,
Sp
ac
e,
Ti
me
&
Me
di
ci
ne
(1
98
2)
 
 
  
General living systems theory has not achieved its ultimate goal with
the simple proof that all living systems have boundaries... We must
know more. What different sorts of boundaries
are there? What
is structurally common, and what is different, about all the sorts of
boundaries...?
How are their processes the same and different?
Which sorts minimize costs or function faster or more efficiently?
When such precise facts are known, dependable and important
generalizations about subsystems will be possible...
[H]ypothesized cross-level formal identities are central to my theory.
Their importance derives from the evolutionary conclusion that all
living systems arise from a single primordial source by the shred-out
process.
They are more than poetic analogies...
They propose
possible rigorous, scientifically testable analogies between different
levels of living systems.
Scientists have learned the value of generalizing from one system of
a certain type (e.g., a cell or a person) to another. They have
advanced beyond that to generalizing from one species or type to
another (e.g., from lower mammals to human beings), recognizing
of course that types have differences as well as similarities. The
further methodological advance to generalizing from one level of
living system to another is not yet a general scientific practice. As a
result, discoveries made today about the nature of living systems at
one level are rarely extended to others. We find comparable
subsystems, variables, indicators, pathologies, and even artifacts at
all levels. And I have repeatedly demonstrated in this book that
experimental or other empirical data collected independently at two
or more levels may support a given cross—level hypothesis. Despite
this, possible cross-level formal identities are generally ignored by
scientists. For example, discoveries in biological science are not being
applied to higher-level systems, where much more understanding is
needed to solve problems of great human urgency.
Many more years and lifetimes of scientific effort should be devoted
to searching for cross-level formal identities and testing them
quantitatively. The hope of important payoffs at multiple levels of
living systems may provide broadly trained individual scientists and
interdisciplinary groups with the incentive to carry out such
investigations. Those scientists must first, of course, become
convinced that such generalization is feasible, meaningful, and
potentially applicable to important problems in the biological and
social sciences. Perhaps the comparisons of systems across levels in
this book will influence some to carry out such research.
Doing basic studies of cross-level hypotheses may seem like a slow
approach to the pressing human problems scientists face today.
Yet
basic research has been the key to the greatest advances in all the
natural sciences.
It may well form a more solid grounding for the
solution of such problems than the anecdotal individual studies, the
naturalistic observations, and the case studies which are so common in
the behavioral sciences today. It will be objective research rather than
normative evaluation.
It will attempt to use comparable dimensions
for making measurements at different levels, which is essential if cross-
level formal identities are to be confirmed or disconfirmed.
It is
certainly a tedious, long way around, but it may be the shortest way
home to a unified science of complex, large-scale living systems.
— James Grier Miller, Living Systems (1978)
Ordered systems are so, not because of what the components do, but
rather because of what they are not allowed to do.... Hierarchies can
be profitably viewed as systems of constraint. Any holon higher in the
hierarchy exerts some constraint on lower holons with which it
communicates. The proviso of communication here is important, for
there are two ways in which constraint of a lower holonis not imposed
by a higher holon in the same hierarchy, and both failures to constrain
arise from lack of communication. One failure comes from the higher
holon being in a different stem of hierarchy [an example might be
Canadian government and a land manager in the civil service of the
United States of America]. The other failure comes from too much
vertical distance. Here the control exerted by the higher holon is so
general that the lower holon lives out its entire existence without
encountering any direct control from far above. The lower holondoes
not exist long enough, have memory long enough, or exert an
influence wide enough to have behaviorally significant
communication with the higher holon. [Ed. Note: An example (one
we would hope to ameliorate by bringing about a TbMN that
enfranchises each individual in the U.S.A. and Canada) might be the
citizen who at present sees little reason to be an active voter —
considering the apparently small effect his vote seems to have had, in
the past, on national policies]
— T.F.H. Allen and Thomas B. Starr, Hierarchy (1982)
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[P]
oli
cy
ex
pr
es
se
d
in
co
mp
ut
er
la
ng
ua
ge
be
co
me
s
a
mo
de
l.
Th
e
pu
rp
os
e
of
a
mo
de
l
is
to
ma
ke
it
po
ss
ib
le
to
ex
pl
or
e
th
e
co
ns
eq
ue
nc
es
of
an
act
be
fo
re
we
act
ual
ly
try
it..
..
A m
od
el
ha
s
at
lea
st
fou
r f
unc
tio
ns.
Fir
st,
as
a t
he
or
y
it e
xpr
ess
es
the
inj
unc
tio
n
tha
t
th
e
"d
ev
el
op
me
nt
of
the
ory
pr
ec
ed
es
the
un
de
rs
ta
nd
in
g
of
fac
ts"
(W
hi
te
he
ad
).
Sec
ond
ly,
as
a
pr
od
uc
t
of
sy
mb
ol
ic
log
ic,
it
ex
pr
es
se
s
co
mp
le
x
soc
ial
th
eo
ry
wi
th
gr
ea
te
r
pre
cis
ion
th
an
wo
rd
s c
an.
In
fac
t,
sym
bol
ic
log
ic
has
be
en
kn
ow
n
to
un
co
ve
r u
ns
us
pe
ct
ed
imp
rec
isi
on
an
d
inc
ons
ist
enc
y
in
ver
bal
pol
icy
st
at
em
en
ts
pa
r
ex
ce
ll
en
ce
—
in
leg
isl
ati
ve
tex
ts.
La
ck
of
pre
cis
ion
,
so
ph
is
ms
,
ta
ut
ol
og
ie
s
ab
ou
nd
in
th
e
"c
on
se
rv
at
io
n"
lit
era
tur
e.
Thi
rdl
y,
it
ma
ke
s
it
pos
sib
le
to
see
gra
phi
cal
ly
ev
en
re
mo
te
cau
se—
eff
ect
rel
ati
ons
hip
s a
nd
inv
est
iga
te
the
ram
ifi
cat
ion
of
eff
ect
s w
he
n
th
e c
aus
e o
r c
aus
es
are
ch
an
ge
d
be
ca
us
e o
f c
ha
ng
ed
alt
ern
ati
ves
or
pri
ori
tie
s.
It i
s n
ot
a q
ues
tio
n o
f "
abs
olu
tes
" a
nd
"c
om
pr
om
is
es
"
,
bu
t
of
be
in
g
abl
e t
o
arr
ive
at
a
dec
isi
on
aft
er
all
rel
eva
nt
fac
tor
s,
alt
ern
ati
ves
an
d c
on
se
qu
en
ce
s h
av
e b
ee
n c
ons
ide
red
.
Fou
rth
ly,
sin
ce
suc
h a
mo
de
l
is c
ons
tru
cte
d
by
def
ini
tio
n i
n c
om
pu
te
r t
erm
s,
all
th
e
alt
ern
ati
ve
eff
ect
s a
nd
the
ir
tot
al
ben
efi
t-c
ost
asp
ect
ca
n b
e r
api
dly
de
te
rm
in
ed
an
d f
ed
ba
ck
to
th
e p
oli
cy
mak
ers
.
Be
ca
us
e
of
th
e
pro
pen
sit
y
of
th
e
co
nt
em
po
ra
ry
hu
ma
n
mi
nd
to
mi
st
ak
e t
ec
hn
iq
ue
for
sub
sta
nce
—
leg
al
log
ic
for
law
, e
co
no
me
tr
ic
s
for
ec
on
om
ic
pol
ici
es,
tec
hni
cal
cle
ver
nes
s f
or
lit
era
ry
eth
os
——
th
e
fac
t t
hat
a m
od
el
is a
n a
id,
no
t a
val
ue
ju
dg
e o
r d
eci
sio
n m
ak
er
ne
ed
s
to
be
str
ess
ed.
As
wi
th
cyb
ern
eti
cs
in
gen
era
l,
th
e v
alu
e o
f t
he
res
ult
s
is d
et
er
mi
ne
d b
y t
he
hu
ma
n
bra
in
wh
ic
h d
oe
s t
he
pr
og
ra
mm
in
g,
no
t
by the electronic brain.
To
say
thi
s d
oe
s
no
t
det
rac
t
an
yt
hi
ng
fr
om
th
e
wo
rt
h
of
eit
her
.
Ma
tt
er
s
ha
ve
be
co
me
to
o
co
mp
li
ca
te
d
for
imp
res
sio
nis
tic
dec
isi
on
ma
ki
ng
an
d
we
are
fin
all
y
rec
ogn
izi
ng
it.
Th
e
fac
t
tha
t
ec
om
an
ag
em
en
t
is p
ate
ntl
y m
or
e c
omp
lex
and
dif
fic
ult
to
ana
lyz
e
an
d p
ro
gr
am
th
an
we
ap
on
s s
yst
ems
or
spa
ce
tec
hno
log
y,
wh
er
e s
uch
mo
de
ls
ha
ve
be
en
suc
ces
sfu
lly
de
ve
lo
pe
d
an
d
tes
ted
,
ma
ke
s
it
so
mu
ch
mo
re
imp
era
tiv
e t
o m
ov
e t
o a
n e
com
ode
l..
.
To
par
aph
ras
e
Joh
n
von
Ne
um
an
n
via
Nor
ber
t
Wie
ner
,
an
eco
mod
el
wo
ul
d
con
sti
tut
e
"a
n
int
ell
igi
ble
st
at
em
en
t
of
the
ma
nn
er
in
wh
ic
h
ou
r
obs
erv
ati
ons
an
d
[pr
oje
cti
ons
] h
an
g t
oge
the
r"
and
ma
ke
it p
oss
ibl
e
to
fle
xib
ly
cor
rec
t p
oli
cy
pro
pos
iti
ons
not
bor
ne
out
by
app
lic
ati
on,
jus
t
as
a
phy
sic
ist
cor
rec
ts
his
hyp
oth
ese
s
not
bor
ne
out
by
experiment...
[Tl
he
int
ell
ect
ual
com
mun
ity
as
a w
hol
e h
as
onl
y p
art
ly
und
ers
too
d
the
bas
ic
nee
d
for
a p
ano
ram
ic
ove
rvi
ew
and
syn
the
sis
of
all
the
ele
men
ts
whi
ch
ma
ke
up
and
are
aff
ect
ed
by
the
ne
w
pro
ble
ms
of
tec
hno
log
ica
l
an
d
ec
on
om
ic
im
pa
ct
on
en
vi
ro
nm
en
t,
an
d
res
our
ces
(al
way
s i
ncl
udi
ng
am
on
g t
he
m t
he
hu
ma
n r
eso
urc
e).
Con
seq
uen
tly
,
not
hin
g of
the
kin
d of
com
pre
hen
siv
e p
hilo
soph
ical
basi
s fo
r a
the
ory
and
an
eco
mod
el
whi
ch
I ha
ve
pos
tul
ate
d tu
rne
d u
p i
n th
e li
tera
ture
i
could consult.
In
fact
, t
he
con
cep
ts
of
com
pet
enc
e a
nd
met
hod
olo
gy
in
this
fiel
d
app
ear
as
obs
ole
sce
nt
as
the
tec
hni
cal
-su
bst
ant
ive
con
cep
ts.
The
re
may
be
man
y r
eas
ons
wh
y t
he
spec
iali
sts
—
nat
ura
l s
cien
tist
s,
soci
al
scie
ntis
ts,
pla
nne
rs
—
hav
e n
ot
yet
pro
duc
ed
any
thi
ng
whi
ch
wou
ld
fill
the
gre
at
nee
d "
to
con
cei
ve
the
com
ple
te
fact
" (
in A
lfr
ed
Nor
th
Whi
teh
ead
's
wor
ds)
, t
o t
hin
k “
corr
elat
ivel
y”
(Bri
an
Hack
ett)
, t
o
int
egr
ate
the
rel
eva
nt
scie
ntif
ic,
the
soci
al,
the
eco
nom
ic
and
the
cultural data and values...
Int
egr
ati
on
and
ret
hin
kin
g
are
twi
n
con
tem
por
ary
tre
nds
,
whi
ch
can
not
be
sep
ara
ted
nor
ass
ign
ed
rel
ati
ve
prio
riti
es.
Bot
h r
esu
lt f
rom
the
rec
ogn
iti
on
tha
t t
he
hig
h s
peci
aliz
atio
n a
nd
fra
gme
nta
tio
n o
f
kno
wle
dge
has
bro
ugh
t
abo
ut
our
sop
his
tic
ate
d
tec
hno
log
ica
l
civi
liza
tion
; bu
t th
at i
t is
inc
apa
ble
of r
unn
ing
the
soci
ety
tow
ard
the
goa
ls
of
hig
h q
uali
ty
of
life
(as
dist
ingu
ishe
d f
rom
hig
h l
ivin
g
standard) and cultural civilization.
Wit
hou
t t
he
firs
t go
al,
the
mate
rial
pro
gre
ss
is i
n th
e l
ong
run
onl
y
part
iall
y me
ani
ngf
ul,
eve
n fo
r th
e un
der
pri
vil
ege
d.
In t
he l
ast
anal
ysis
,
we
all l
ive
in t
he s
ame
wor
ld,
in w
hic
h e
nvi
ron
men
t a
nd
res
our
ces
are
eith
er q
ual
ity
-ma
nag
ed
or c
arel
essl
y de
ter
ior
ate
d fo
r ev
ery
bod
y.
Wit
hou
t t
he
sec
ond
goal
, t
he
mate
rial
civi
liza
tion
lack
s t
he
cruc
ial
sustaining arch....
[O]u
r te
chn
olo
gic
al
civi
liza
tion
is m
aki
ng
us l
ive
on
ecol
ogic
al c
redi
t.
But
we
hav
e n
ot
kep
t in
bal
anc
e fo
r qu
ite
som
e t
ime
the
inte
llec
tual
account either....
The
simp
lest
way
to
sug
ges
t t
he
rela
tive
imp
ort
anc
e o
f s
cien
tifi
c-
tech
nica
l da
ta a
nd
soci
al-c
ultu
ral
dat
a (v
alue
s) i
s to
say
tha
t ev
en
if th
e
deci
sion
mak
ers
had
all t
he
scie
ntif
ic d
ata,
the
y co
uld
still
not
dev
ise
an adequate ecomanagement system.
It is the value dimension which makes this, as well as
other problems involving human beings, so difficult.
The primitive faith of 19th-century positivism in
rational solutions has been lost in the 20th century
with the awareness of how much more complex the
problems are once we see them inclusive of their
social-cultural dimension. We must work our way
back to the faith that rational solutions can (and
must) be had — even on this complex level; and we
must develop the axiology (theory of values) and
the technics toward such solutions...
 
— Jaro Mayda, Environment and Resources (1968)
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From the North
Atlantic and
the Gulf of
Maine to the
-‘
~
'
-
a
g
Straitofluan
‘
'
.
,
V
I
g
'~
;
~
-
-
‘
'
h
:'
de
Fuca,
I,
i 7
Portland Canal,
and the
Beaufort Sea
5
- '
W
V
.,
.
‘
~.
_
.
much of the
_ . . . . . . .
I,
v
V.
I,
V
>
7“.
"
"atmosphere"
V
V I
n
I
l
'~ '
[depicted on
Day 1 of Our
TbMN
Workshop (see
p. 8)] seemed
to have cleared
or to have
taken more 227
recognizable
form by Day 2.
And the "low",
the spiraling
clouds off the
Carolina coast,
remained
some distance
from
Philadelphia
where the
"highs" of our
deliberations
seemed to gain
in intensity.
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GOES Satellite photo of North America taken 11 October 1984, Day 2 _
[Ed. Note: For some practice in retrospective monitoring, compare this photo with the one (on page 8) taken 24 hOurs earlier.]
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Day Two
/
/
Morning Plenary Session
Al
an
Cl
ar
ke
W
e
wa
nt
ed
to
st
ar
t
ea
rl
y
to
da
y
be
ca
us
e
it'
s
an
im
po
rt
an
t
da
y.
Th
e
co
nt
en
t
of
to
da
y
wi
ll
be
pr
es
en
te
d
on
th
is
pl
at
fo
rm
at
th
e
en
d
of
th
e
da
y,
wh
en
ra
pp
or
te
ur
s
of
th
e
wo
rk
in
g
gr
ou
ps
wi
ll
be
ba
ck
on
th
is
pl
at
fo
rm
in
a
pl
en
ar
y
se
ss
io
n
at
3
o'
cl
oc
k
to
re
po
rt
on
th
e
di
sc
us
si
on
s
ta
ki
ng
pl
ac
e
in
th
e
gr
ou
ps
.
Al
l
th
e
ch
ai
rm
en
/f
ac
il
it
at
or
s
an
d
ra
pp
or
te
ur
s
me
t
at
br
ea
kf
as
t
th
is
mo
rn
in
g
an
d
we
nt
th
ro
ug
h
a
pr
oc
es
s
th
at
Pe
te
r
Ha
ug
an
d
I
ar
e
go
in
g
to
de
sc
ri
be
br
ie
fl
y,
so
th
at
yo
u
kn
ow
th
e
ga
me
pl
an
fo
r
th
e
day.
We
'r
e
go
in
g
to
ta
lk
a
bi
t
ab
ou
t
th
e
ho
pe
s
th
e
pl
an
ni
ng
co
mm
it
te
e
ha
d
in
de
si
gn
in
g
a
co
nf
er
en
ce
,
in
wh
ic
h
on
e
da
y
ha
d
a
he
av
y
se
t
of
wi
de
-r
an
gi
ng
pr
es
en
ta
ti
on
s,
an
d
th
e
se
co
nd
da
y
pr
ov
id
ed
an
op
po
rt
un
it
y
fo
r i
nv
it
ed
pa
rt
ic
ip
an
ts
to engage the issues.
To
da
y'
s
se
ss
io
ns
ru
n
fr
om
8:
30
un
ti
l
11
:3
0
in
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 Joel Hedgpeth, one of the designated critics, is the
editorialist. He is the one person who will be moving from
group
to group.
After working
groups report at the
plenary,
three
of
the
commissioners
—-
the
two
co-
chairmen of the IJC and Commissioner Bulen -- will
conduct the final plenary session. At that session, Joel
Hedgpeth of Oregon State University will give a kind of
editorial overview on his perceptions of the two-day
workshop.
Peter Haug
I'd like to add
a comment
about the
mechanics of what we're trying to do.
Most of this refers
primarily to the responsibilities of the rapporteurs and the
chairmen/facilitators, but everyone should know what we
would like. Alan mentioned a preselected question for
each work group. You should feel free to discuss it,
certainly; and if for any reason you feel that there are
other, more pressing issues, that's an important bit of
information too. You have the latitude to not discuss it or
to reformulate any of the questions and generate your
own, as I'm sure you will.
Secondly, this is literally a working workshop. Now,
the word "monitoring" has all kinds of meanings to
different people. In order for a proceedings to be
intelligible, a reader should have a clear understanding of
what type of monitoring is being discussed. I don't have an
answer for the problem. It would be very nice if someone,
or some people, could come up with an answer. But, in any
event, as you work through the day, please try to keep this
problem in mind and try to identify the different types of
monitoring that you are discussing in your groups in such
a way that the rapporteurs will be able to transmit that in
the proceedings. It's very important to be aware of that
problem because we are of such diverse backgrounds, and
we all have different ideas ofwhat the word means.
Finally, I'll reiterate the fact that these working
groups are structured to evoke a variety of diverse ideas,
not to reach any conclusions, decisions, or consensuses—
with
two
exceptions:
one
is in
setting
the
agenda
to
determine which questions you will address, and how, and
in what order.
The second exception will be at the end of
the
day,
when
you
try
to
rank
which
topics
are
most
important. Other than that, it'savery free form.
The lack
of
formal
structure
is
meant
to
take
advantage
of
the
diversity that we have here.
 
[Tlhe IJC and the joint institutions established under the Agreement
are part of a complex set of institutional arrangements relating to the
management
of
the
Great
Lakes.
Many
other
binational
governmental and nongovernmental institutional arrangements for
governance of Great Lakes resources exist...
In many cases, no special staff is provided for the binational activities.
Almost
all activities are
financed
by
participating
agencies
or
organizations. IJC Boards are financed by the IJC. Even when there is
a formal arrangement for federal government financing, such as for
the Great Lakes Fishery Commission, cooperating agencies largely
support their own activities.
The very existence of these activities underscores the fact that many
organizations and programs, in addition to those carried out under
the 1978 Agreement, influence or are influenced by Great Lakes
water quality. Clearly, some coordination is desirable. For example,
any program under the Agreement addressing the effects of airborne
contaminants on the Great Lakes should be coordinated with the
appropriate work efforts under the Memorandum of Intent on
Transboundary Air Pollution. This coordination is even more
important for successful Great Lakes management based on the
ecosystems approach when the management involves more uses of
the Lakes, larger spatial scales, and longer time intervals...
As evidenced by the number of recently created binational
arrangements , there appears to be a pattern of binational
cooperation that could be called on to support institutional changes
required for an operational ecosystem approach to Great Lakes
issues. There is an openness and flexibility in both countries in
designing cooperative arrangements that are creative and pragmatic.
— National Research Council of the United States and The Royal
Society of Canada, The Great Lakes Water Quality
Agreement: An Evolving Instrument for Ecosystem
Management (1985)
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Topic Questions for Working Groups,
Thursday, 11 October 1984
Pl
ea
se
fee
l
fre
e
to
re
fo
rm
ul
at
e
que
st
io
ns
,
cla
rif
y
wording, or contribute your own questions.
1.
10.
11.
Wh
at
bin
ati
ona
l,
int
erg
ove
rnm
ent
al
con
sid
era
tio
ns
sho
uld
be
add
res
sed
in
des
ign
ing
, d
eve
lop
ing
, a
nd
implementing a transboundary monitoring net-
work?
. H
ow
can
lon
g-t
erm
mon
ito
rin
g n
eed
s b
e i
nte
gra
ted
into a budgeting process that is essentially annual?
To what extent, and how, can an anticipatory
capability be built into a monitoring network?
How can efforts of the many and diverse agencies
and echelons of government be coordinated?
To what extent, and how, can monitoring design,
implementation, and techniques be standardized to
improve compatibility and coordination ofefforts?
What integrated monitoring studies exist, and what
can we learn from them?
How can cross-media (e.g., air, water, soil, and
biota) studies be better integrated and coordinated
in time and space?
Wh
at
is
the
rol
e o
f m
oni
tor
ing
wit
hin
a d
eci
sio
n
support system?
To what extent, and how, can we identify and study
long-term control areas or organisms that are
known to be sensitive to today's problems and will
likely be sensitive to tomorrow's?
Is t
her
e a
ny
wa
y t
o e
sta
bli
sh
an
inf
orm
ed
net
wor
k
of individuals interested in integrating environ-
mental data, particularly data collected in a mon-
itoring program?
How can we get from public (grassroots) acceptance
of
our
env
iro
nme
nta
l
pro
ble
ms
to
sta
tem
ent
s o
f
policy and implementation of monitoring and other
solutions?
Topic(s) by Groups
Working Group 1
David A. LaRoche, Chairman/Facilitator
Henry A. Regier, Rapporteur
Diana L. Dworsky
Leonard B. Dworsky
F. Henry Lickers
Peter S. Thacher
Donald L. Totten
Ed Wiken
Topics for Suggested Agenda
1. Defining a transboundary region to be monitored.
2. Technical information system as used by
management. Monitoring is only a part of that
system.
3. Purposes of monitoring.
4. Complementary components (strategies) of
monitoring.
5. Inventory/survey of existing
information and programs.
monitoring
 
Working Group 2
Andrew L. Hamilton, Chairman/Facilitator
Charles R. Goldman, Rapporteur
Alfred M. Beeton
Ann E. Carey
Doug Haffner
Robert C. McEwen
Jean A. Roy
Harvey M. Sachs
Topic for Suggested Agenda
1. Long—term monitoring needs [to be] protected from
short-term institutional framework.
 
Wo
r
k
i
n
g
G
r
o
u
p
3
W
o
r
k
i
n
g
G
r
o
u
p
5
Walter
A.
Lyon,
Chairman/Facilitator
Alan
Clarke,
Chairman/Facilitator
Orie
L.
Loucks,
Rapporteur
Roger
H.
Green,
Rapporteur
Joel
L.
Fisher
John
Blodgett
D
a
n
G.
Kelley
L.
Keith
Bulen
Craig
Loehle
Michael
E.
Colby
E.
Frederick
Roots
James
D.
K
i
n
g
h
a
m
J.
Blair
Seaborn
Keith
J.
Puckett
Peter
Truitt
Frank
Quinn
E.
Tony
W
a
g
n
e
r
Courtney
Riordan
Peter
Wise
David
Stalling
Topics for Suggested
Agenda
Topic for Suggested
Agenda
    
1'
Integratlon.Ofci‘oss:medla§tl1dies'
1.
How
can
environmental
data-gathering
efforts
of
2'
ROIe.Ofn.lomt0r.mgmadeCI§10n.Support
SyStem'
the
many
and
diverse
agencies
and
echelons
of
3‘
MompormgdeSlgp
Stindardlzattm'
governments
and
other
sectors
of society
he
better
4.
Cons1derations
1n
1mplement1ng
transboundary
coordinated with respect tomany
Speciﬁcs?
monitoring.
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Working Group 4
Bruce L. Bandurski, Chairman/Facilitator
Ethan T. Smith, Rapporteur
L. Keith Caldwell
John E. Edinger
Clayton J. Edwards
Harry H. Hovey
James Grier Miller
E. Richmond Olson
John F. Uthe
Topics for Suggested Agenda
1. Anticipation and decision support.
2. Implementation.
3. Standardization.
4. Information quality (more [rather] than data
quality
Working Group 5
—
  
  
232
 
Working Group 6
Peter T. Haug, Chairman/Facilitator
Ruth M. Patrick, Rapporteuse
David Barton
James G. Chandler
Hal Hamilton
Lester W. Milbrath
Donald F. Parsons
Robert Rodale
Topics for Suggested Agenda
1.
2.
3.
10.
11.
12.
13.
How do we know that monitoring data are
representative of the system?
To what extent can we understand the regenerative
capacity ofthe system that has been stressed?
Thresholds: How do we know where they are and
when we cross them?
How can we monitor not only non-point-source
stressors, but also their socioeconomic antecedents?
How can human values and attitudes and behavior
be incorporated into moniwring/decisionmaking?
How can monitoring data/information be presented
to the public so they can understand it and make
informed decisions accordingly?
How do we know which data are outliers and
whether they are important in their own rights (for
that point in time and space)?
Recommendation: Long-term specimen and
ecosystem preservation and reserves.
Improved methodologies.
Canada/USA. joint repository system for environ-
mental samples.
Definition of "network of environmental mon-
itoring".
Modeling/monitoring relationships.
Recommendation: legislation in both countries for
individual and joint monitoring efforts (e.g., HR.
5958).
Working Group 7
Lovell E. Richie, Chairman/Facilitator
David Rapport, Rapporteur
Vinton W. Bacon
George C. Becking
John E. Gannon
F. Kenneth Hare
Ruth A. Reck
Donald J. Williams
Topics for Suggested Agenda
1.
2.
Availability of existing data.
Types of data needed.
3. What data are missing (1 - 2 - 3)?
4.
Coordination needs at several levels (echelons).
 
Working Group 8
Louis E. Sage, Chairman/Facilitator
Bernard C. Patton, Rapporteur
Ben G. DeCooke
Gary J. Foley
James W. Haefner
Thomas C. Kuchenberg
Robert Newbury
Trefor B. Reynoldson
Ron Wallace
Kenneth E.F. Watt
Topics for Suggested Agenda
1.
3.
Role of monitoring in decisionmaking and
forecasting, and role of IJC as data-collection and
analysis agency.
Monitoring: definition, rationale, and logic; and the
relationship of monitoring to modeling and
hypotheses testing.
How can monitoring be responsive to growing
knowledge of indirect and time-delayed effects?
4. Integrated monitoring studies now in existence.
 
 Working Group 9
Roger W. Burwell, Chairman/Facilitator
Ralph O. Brinkhurst, Rapporteur
Edward A. Bailey
Paul J. Campanella
Kim Devonald
Paul L. Freedman
S.L. Iverson
Richard L. Klimisch
Topics for Suggested Agenda
1. Deﬁnition ofmonitoring.
2. Role of IJC in monitoring.
Alan Clarke I'm glad that Peter picked up that point
about deﬁnitions. For someone who's studied philosophy,
a lot of confusion in discussions arises when people use the
same words with totally different meanings. So, in the
workshop reports, please give some indication of how
you're using the term "monitoring". This will, perhaps,
make it easier for our discussion this afternoon and
certainly more comprehensible in the proceedings. In fact,
one part of the exercise of the day might be to try to get the
range of definitions that exist for those terms reported,
discussed, and recorded.
Another point relates to the question of the intent of
the day. Peter and I had the advantage of coming into the
planning process for the workshop essentially from a non-
IJC perspective. It's our feeling that there is a clear
statement of interest in the question of transboundary
monitoring by the fact that the Commission sought
foundation support and scheduled the use of resources to
convene these two days. There is a variety of different
interests, and what might be termed "agendas", within the
Commission family around the issue; but the transfer of
the responsibility for creating a transboundary
monitoring network is part of the process oftoday.
There ought not to be any feeling that the workshop
reports transfer any responsibility back to anybody, in
terms of carrying the idea or the need for a transboundary
monitoring network further. That, in fact, is a
responsibility we all share wherever we're located. There
is a variety of agendas and interests in the room, but to the
best of our knowledge there is no common agenda.
As we said at about 11 o'clock last night, if the IJC had
had a specific agenda the meeting would have been longer
than two days. This is an attempt to open up the question,
to bring a variety of perceptions, to invite a range of people
to talk about those perceptions, and to see where we are at
the end of the experience. The "we" is not just the IJC, but
many people in different institutions and locations from
across the continent. There's a feeling that that needed to
be said in terms of the freedom that you have within the
workshop.
You are, from now, at work in groups until 11:30. Have
a good morning.
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Afternoon Plenary Session:
Working Group Reports
Alan Clarke We're in a plenary session to receive reports from nine working groups. Our
sugge
stion
is tha
t in
the f
irst p
art o
f the
plena
ry we
recei
ve re
ports
in th
e ord
er of
the w
orki
ng
groups. We're going to give a maximum of 10 minutes and invite the chairmen/facilitators to be
avail
able
near
the ﬂ
oor m
ikes
to ad
d com
ment
s wit
hin t
he sa
me ti
me pe
riod,
if the
y wis
h to,
or if
the r
appor
teurs
wish
to cal
l the
m. T
hese
repor
ts ar
e an
attem
pt to
reﬂec
t hig
hligh
ts of
the w
ork
that
's g
one
on i
n th
e wo
rki
ng g
roup
s. I
n ma
ny o
f th
e gr
oups
a pr
iori
ty h
as b
een
esta
blis
hed
for
topic
s you
have
discu
ssed.
You
can d
eal e
xclus
ively
with
that
prior
ity, o
r you
can t
ouch
on th
at
priority plus other parts of the work of your group. Before the rapporteurs begin, it is important
to re
cogn
ize
that
this
is a
repo
rt f
or th
e pu
rpos
e of
this
plen
ary,
rath
er t
han
a de
tail
ed r
epor
t of
what went on in the working groups. [Ed. Note: Remarks submitted by participants after this
plena
ry se
ssion
have
been
incor
porat
ed in
to th
e pro
ceedi
ngs]
I thi
nk I'
ve ma
de al
l the
open
ing
comm
ents
I nee
d to m
ake.
I'll ca
ll on
Grou
p nu
mber
1, wh
ich h
ad He
nry R
egier
as ra
pport
eur.
 
 Working Group 1, Henry Regier, Rapporteur Thank you
Alan.
David LaRoche convened this group.
We chose to
deal with Questions 1, 6, 7, and incidentally, 8. We
assigned priority in the order 1, 6, and 7.
For Question 1, we concerned ourselves with a general
frame
of
reference,
and
we
have
something
like
a
preambulatory statement here that says:
With respect to a general frame of reference:
In the spirit of the 1909 Boundary Waters Treaty and
in the context of what we now comprehend about the
functioning of the relevant transboundary ecosystems,
0 We would focus directly and primarily on issues of
water quantity and quality, and on land use
practices as related to water and air quality, all in
the context of an ecosystem approach.
0 We note that the ecosystem approach also
encompasses various ongoing binational
undertakings, such as issues of fish quantity and
quality dealt with under the Great Lakes Fishery
Commission in the Great Lakes, migratory birds
and wetlands under the Migratory Birds Treaty
across the continent, and other issues related to
transportation, emergency measures, and so on.
0 We note a strong need to relate U.S./Canadian
interests (pursuant to the 1909 Boundary Waters
Treaty), as served by monitoring programs, to these
initiatives that we're discussing at this workshop:
and to other monitoring programs related to
international concerns, such as the Global
Environmental Monitoring System (GEMS) under
the United Nations Environmental Programme
(UNEP) [Ed. Note: See Appendix C, pp. 669 - 677.],
to other binational initiatives under IJC, GLFC,
etc., and to sub-national initiatives of various
levels.
That's a kind of a general frame of reference. Then, we
concerned ourselves with some of the other terms in that
statement, especially a "transboundary region" as dealt
with yesterday. A transboundary region to be monitored
may be deﬁned, or inferred empirically, by specifying or
observing the bounds of actual binational problems
already encountered. This forms the initial basis for
developing a transboundary monitoring network to deal
reactively with existing issues, or in an anticipatory way
with emerging issues.
With respect to monitoring, we tried to clear our heads
as to what monitoring is and isn't, so we looked at
monitoring in the
context of what might be
called a
"technical information system". A "technical" infor—
mation system is information on anything other than
"political" aspects. So what is the role of monitoring
within that technical information system?
Figure 13 shows a technical information system, with a
schema of ﬁve different kinds of information, all
important to actual management intervention. Within
the set of three ovals, you'll see monitoring, which is time
series information about some variable(s) at a point in
space. Mapping involves survey data across space at a
point in time. Modeling is based on experimental
information, plus the mapping, plus the monitoring data.
Those three kinds of data then feed into an assessment, or
a reference, or some sort of an activity that synthesizes
and integrates information to make it directly useful to
the managers. Then, if we do our work properly, after the
managers intervene we do a case study to see how all the
information was used, which of it was useful, which
wasn't; and we go back and modify the earlier stages of
the information system for the next round.
A balanced technical information system thus
encompasses not only time—series data as obtained in
monitoring and/or surveillance programs, but also maps of
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survey data, cause-effect or relational models,
management-oriented assessments and interpretations as
in references, and evaluative case studies of management
interactions that have used information as sketched
above. It is important to note that monitoring is only one
of the ﬁve, each of which is important within the overall
technical information system.
There are different versions of this kind of schema. For
example, UNEP has one in its GEMS program. You may
have developed your own version. Our point is that
monitoring encompasses perhaps 20 percent of the
activities in a balanced technical information system,
though likely somewhat more than 20 percent of the costs.
And we shouldn't lose sight of this. A particular agency
with its scientists and ofﬁcials tends to adopt a particular
"modality", and then develops a vested interest in it. It
then places excessive emphasis on that modality to the
point of overemphasis and "diminishing returns". This
leads to unbalanced and inefﬁcient development of the
overall technical information system. This may have
happened with respect to environmental quality (and
water quantity and ﬁsheries) in the Great Lakes: too
much emphasis on monitoring, too little on the other four
modalities.
Within the appropriate role and scope of monitoring, a
number of purposes may be served efﬁciently. Here is a
series ofseven that comes from the UNEP GEMS report:
0 To detect signiﬁcant changes in important
variables;
0 To study levels and trends;
0 To check on compliance in order to engage in
litigation;
0 To check on efﬁciency of control;
0 To survey the effects on health, human or
otherwise;
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A Technical Information System
Figure 13
0 To study effects of various human activities on the
environment;
0 To elucidate cause-effect relationships.
This set to some extent overlaps different elements
that are in Figure 13, so there are a variety of roles that
can be served within the appropriate scope of monitoring.
But the degree of overlap should be kept within bounds,
for the sake ofefﬁciency as well as effectiveness.
 
  
Then, there are several monitoring strategies which
complement each other. Monitoring may be reactive with
respect to current problems; and it may be anticipatory
with respect to preventing disputes; or it may provide
general, all-purpose background information. With
respect to each of these purposes, the kinds of monitoring
stations one selects may be somewhat different. In other
words, if one wants to be reactive with respect to current
problems, then of course the stations have to relate closely
to those problems; but if one wants to be anticipatory, then
one picks stations according to somewhat different
criteria.
What kind of an inventory of currently available
information would be useful to governments in carrying
out their obligations under the Boundary Waters Treaty of
1909? We had questions here rather than proposals. If we
were to assemble such an inventory, should the focus be
restricted to monitored data, or should it be broadened to
include all the different modalities of the technical
information system? Secondly, should the inventory focus
on institutions and agencies that collect and — process
information, with a general characterization of types and
amounts of information in. each; or should the inventory
focus on generic types of information available, with a
secondary focus on where that information resides?
Then we addressed Questions 6, 7, and 8: "How does
one motivate, or coerce, or entrain, a need to effect changes
that make monitoring more efﬁcient?" We suggest as
follows: Recent reports on the states of natural
environment and renewable resources should be reviewed.
Examples exist: The works of the Council on
Environmental Quality (CEQ) and Conservation
Foundation (CF) in the U.S.A., of Statistics Canada and
Environment Canada in Canada, of UNEP in the
Mediterranean Regional Seas Project, of ECE in the
European countries, and so on. We suggest that a
com
mit
men
t
be
und
ert
ake
n
to
dev
elo
p
a
per
iod
ic,
comprehensive, binational report on the state of the
boundary region ecosystems. These reports should be
intelligible to informed laymen. Information should be
included from all major data banks and should cover each
major use or interest group in these ecosystems.
Information
with
respect to particular
uses
or issues
should be fully integrated across all jurisdictional
boundaries. Due to the unique characteristics of Indian
reservations, where land use changes are often less
marked than in the areas around them, there will be
unique opportunities for baseline and long-term
monitoring initiatives, which should be actively explored.
[Remark by Leonard Dworsky This definition [of a
“transboundary region”] is of priority importance. It says
the boundary region may be highly variable.]
 
The widespread belief that man can adapt or get used to anything
constitutes one of the main difficulties in evaluating the impact of
pollution on mental health and in studying the mechanisms of its
effects. Millions upon millions of human beings have learned to
tolerate noise and other dangerous stimuli, automobile exhausts,
starless skies, treeless avenues, the sloppiness and dreariness of most
urban settlements. But this does not mean that such tolerance is
desirable. In fact, it is often achieved at the cost of some loss in the
desirable attributes which together constitute mental health. The
most deplorable aspects of existence in American cities may not be
murder, rape, and robbery, but the constant exposure of children to
pollutants, noise, ugliness, and garbage in the streets. This constant
exposure conditions children to accept public squalor as the normal
state of affairs and thereby handicaps them mentally at the
beginning of their lives.
— Rene Dubos, "Foreword" in Environmental Pollution and
Mental Health (1973)
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Working Group 2, Charles Goldman, Rapporteur The
question that was posed was: "How can long-term
monitoring needs be integrated into a budgeting process
that is essentially annual?"
Our group began by taking a vote on whether long-
term monitoring needs can be met within existing
institutional frameworks. We had only one vote that it
definitely couldn't be, and six were, "maybe, with
changes". Perhaps with the right kind of massaging of
institutional frameworks, it would be possible to proceed
with budgeting that would be long—term. However, we
recognized that historically, funding has been short-term.
Monitoring has never had the status necessary to
maintain itself on a long-term basis unless it was
somehow institutionalized and maintained over a long
time period, as we find with some of the older lake data,
particularly the Great Lakes and the Lake Tahoe, Castle
Lake, and Lake Washington data. In the latter three
lakes it was the result of two scientists staying for over a
quarter of a century on the same job.
In general, however, research projects that are the
source of monitoring data are short-term, and as a result,
there has not been the institutional framework to develop
and sustain them in the fashion essential for this
transboundary project. Recently the National Science
Foundation (NSF), in recognition of the need for longer
term data, has established a number of long-term
ecological sites (LTER) with funding for ﬁve years at a
time.
Our group spent some time justifying the need. We
deﬁned the need for long-term monitoring in a way that
we feel is both relevant and, most importantly,
comprehensible to both the public and the political sector.
In our view, data sets resulting from carefully planned,
adaptive long-term monitoring are one important
cornerstone to help us in understanding changes that
occur in our shared environment, or, as we prefer to call it,
our ecosystem. Such an understanding can help us as
individuals, communities, and nations in detecting
environmental changes and responding in both timely and
effective fashion to these changes. After all, many serious
. /:' ,
\
V
(
)
i
\
i
\
(
/
\
/
(
X
!
I
,
l.
r
p f ., of WW l’r’}/;I’)i’eC}/!Yl{
. » j 1' ‘ I
b
e
m
e
t
w
e
r
(
‘
T
X
‘
U
‘
I
‘
W
W
y“)
{3‘
E
d
"
If
u
«
H
a
i
r
l
f
r
w
o
r
i
‘
f
w
C
r i
x g .
i
V)?» (70
. x - l “ - 1
i; m, ithiKZﬂ: Q y
i
f
.
9
f
i
r
e
n
e
w
“
1
0
m
I
n
v
m
, u '
man rim’m
‘
4
H
0
“i
n
W
W
I
-
i
v
.
m
.
(
1
W
M
“
m
:
7
,
r
a
i
n
y
/
(
m
l
  
 changes discovered in our environment were found largely
by
accident.
They
were
usually
only
discovered
incidentally
or
by
scrutinizing
comparative
data
sets.
Some, such as DDT and acid rain, were the result of some
progressive environmental tragedy.
To achieve the public support necessary for obtaining
the needed budgeting, and this will be a substantial sum,
we must clearly mandate the mission.
It is essential to
have both the mandate and the mission well in hand to be
able
to
explain
it
in
layman's
language
to
our
international constituency.
We
have to agree ahead of
time on the interjurisdictional aspects of it at the local,
state, provincial, and international levels. Further, we
must pretty well agree on the essential parameters to be
measured for core or index monitoring. By necessity these
will be limited to the realities of funding, practicality, and
the technical ability of the network.
An overall statement of purpose for speciﬁc sampling
networks and sampling stations would be one of the early
products of this sort of endeavor. We have to determine
what specific parameters are going to be studied, what
methodologies are going to be employed, and what quality
assurances we have to collect truly comparable data.
Further, and this is extremely important, we need very
speciﬁc protocols for adding or deleting parameters. Over
the years in my own group, almost every new person
joining the group wanted to measure something different
or eliminate something that we had been measuring. One
has to have a project in place with ﬁrm enough protocols so
that it isn't a constantly changing operation where
intercalibration is never achieved. We have recently had
the problem of interpreting water chemistry from the
Great Lakes over many decades, simply because
laboratory techniques changed and there wasn't adequate
intercalibration at the time these changes in methods
were made.
These protocols are essential, and
one of the early
requirements for developing a successful program would
be development of methods handbooks. I recall that one of
the most useful products of the International Biological
Programme
(IBP)
were
the
handbooks.
These
gave
laboratories
a
real
understanding
of
what
other
laboratories were doing and provided a framework, in the
developing countries particularly, for following what was
the best achievable, as well as available, technology at the
time.
We
also
need
some
specific
goals
and
intentions
regarding the collation, interpretation, and particularly,
the synthesis and dissemination of results. Unless this is
built into the program right from the very beginning,
monitoring
quickly
becomes
a
kind
of
mindless,
uninteresting activity where
the quality control is lost
through lack of interest. Well organized and reviewed
annual reports on the data become an important link
between monitoring and the research interpretation so
essential for management and regulation decisions.
There are also data available from many other studies.
The parameters of these data are largely unknown, but we
do know that good data exist in many places. These data
need to be ferreted out and assembled into some sort of
public indexing so researchers know of its existence.
Existing data are in danger of being forgotten if we rush
forward into new projects and new programs. Our
working group agreed that the body ofexisting data, once
identified, should be placed in some curator's care. One
major institution might serve as a repository for existing
data sets. These data can only be located through surveys,
through probing the archives of the various laboratories,
and through the exchange of information among the
interested parties. Within our working group, one
individual has a basement full of stored materials that be
rescued just before they were about to be discarded from
one of the local laboratories.
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Another aspect of this problem deserves special
attention. In looking back, there is often a tendency not to
get started moving forward. If we are too retrospective, we
will delay establishing the essential protocols, and we can
easily move still further down the line one, two, three, ﬁve
years, without establishing the data collection that is so
essential for the decisionmaking and resource
management in the future. Tomorrow is already too late
to begin this work. We need to establish protocols now.
We need ﬁrst to develop the institutional framework and
then to recover the data that will be lost if it isn't located
and archived soon. We cannot simply dump data into a
"black hole" of computer storage from whence it may
never again emerge. The way to prevent this is simply to
identify our clients, establish their needs, and very early
in the game determine how the data are to be collected and
transferred from monitoring, to interpretation, reporting,
and then finally to policy making.
The 1978 Agreement provides that the various jurisdictions (eight
states, two provinces, and the two federal governments) will
undertake programs of monitoring (in the sense of regular
measurement of quantities of known significance) and surveillance
(in the sense of studies designed to identify and define new,
potentially significant chemicals or other properties)... Several
concerns about monitoring and surveillance have been expressed by a
variety of persons including participants at the 1984 U.S. National
Research Council (NRC) Buffalo Conference on the Agreement...
Aubert, at the Conference, discussed operational limitations to these
programs imposed by budgetary constraints that result in less than
effective monitoring efforts. Inconsistent sampling makes data
noncomparable and involves waste of expended funds. Fears were
also expressed that a proposed Great Lakes International Surveillance
Plan may generate a great deal of data without giving sufficient
attention to analysis and review (although it had yet to be funded)
and that an increasing percentage of research funds is used for
monitoring, thereby reducing research capacity. Others stated that
baseline data are sketchy and that research funds may not be used to
acquire these data. Progress seems to be measured by the number of
regulations being implemented rather than by scientific information
indicating improvement or degradation in the quality of the water or
the ecosystem...
The committee finds that the concerns about quality, continuity, and
general access to data on the distribution and concentrations of toxic
substances derived from the 12 jurisdictions are justified. The
committee recommends not only rapid implementation of new
programs under the Great Lakes International Surveillance Plans but
measures that will allow the data to be available for broad binational
review at the earliest possible date...
A properly maintained archive of environmental samples allows for
accurate retrospective monitoring of formerly unconsidered or
recently identified toxic compounds. It will also provide answers as to
when a compound entered the environment, where it came from,
and whether levels have been increasing or decreasing. The
usefulness of tissue banks is apparent from the retrospective analyses
and trend monitoring of mirex and dioxin made possible with
archived Great Lakes herring gull eggs...
Some human tissues are also collected by different agencies,
although this is apparently being done mostly on an ad hoc basis...
The need for environmental sediment specimen banking has been
recognized internationally. Both the United States and Germany
have established national pilot programs to do experimental work on
sampling, processing, analytical, and storage methodologies. The
Canadian Wildlife Service has been conducting similar research on
tissues of birds from the Great Lakes for several years. This type of
research is necessary for the development of specimen banking as
different materials require different handling procedures to prevent
the loss of chemical residues. ln conjunction with this, each specimen
bank should have an integrated quality assurance program to
monitor for any ongoing degradation.
The committee finds that, at present, there does not appear to be a
coordinated effort by organizations in the United States and Canada
to collect specimens encompassing the various components of the
Great Lakes ecosystem. The committee recommends the
incorporation of specimen banking into programs of monitoring and
surveillance as an effective means of augmenting both programs.
Both the United States and Canada should provide long-term
commitments to specimen banking, as archiving must be continuous
and relatively comprehensive.
— National Research Council of the United States and The Royal
Society of Canada, The Great Lakes Water Quality
Agreement: An Evolving Instrument for Ecosystem
Management (1985)
 
 Working Group 3, Orie Loucks, Rapporteur We had a
ﬁne group chaired by Walt Lyon, and there seemed to be a
commitment throughout the group to efﬁcient use of the
opportunity that's being afforded here.
As a ﬁrst step, Group 3 considered priorities among the
1 1 topic questions concerning a transboundary monitoring
network. The top four priority questions from the
perspective of this group were as follows:
Priority
1. How can cross-media (e.g., air, water, soil, and
biota) studies be better integrated and coordinated
in time and space?
2. What is the role of monitoring within a decision
support system?
3. To what extent, and how, can and should
monitoring design, implementation, and techniques
be standardized to improve compatibility and
coordination of efforts?
4. What binational, intergovernmental considerations
should be addressed in designing, developing, and
implementing a transboundary monitoring
network?
Secondly, we had a short discussion about the problem
of differentiating between monitoring and surveillance,
and came up with two deﬁnitions. Monitoring is more
than counting and measuring; it is something that is done
with a deﬁned goal or purpose in mind, and it exists in the
context of a prospective use and in relation to some
reference condition, or possibly to a standard. In contrast,
surveillance involves the idea of seeing whether there is
som
e
ne
w
con
sti
tue
nt
in
the
env
iro
nme
nt,
or
a
ne
w
exp
res
sio
n
of
an
effe
ct,
tha
t
war
ran
ts
fur
the
r
investigation, including the possibility ofmonitoring.
The ﬁrst priority concern by Group 3 was the question:
How can cross-media (air-to—water or land-to-water)
measurements be better integrated to make existing
programs stronger? Some of the major problems with end-
product contaminants in the Great Lakes illustrate the
difﬁculty of measurement and could be the focal point for a
demonstration study of the signiﬁcance of cross—media
transfers. Examples include chemicals associated with
sludge disposal, where we may incinerate and release
products to the atmosphere, or we may bury onland and
end up with release to the water. A second example is the
release of acidic substances through combustion of fossil
fuels. Most of the release is to the air, but residuals can
also end up in water if residue is placed in landﬁll sites.
Persistent hydrocarbons are similarly released into the
air, but then come back into our water systems.
These examples demonstrate the need to keep end
products in mind as we consider how to improve inter-
media measurements. To improve our knowledge of what
is happening between one environmental medium and
another, emphasis must be on identiﬁed pathways.
Monitoring can provide measurement of constituents in
the air at almost the same locations where similar
constituents can be measured in water, but such
measurements alone may not measure the inter-media
transfer.
The group then reviewed the recent shifts in approach
to measurements of acidic deposition taken by Canadian
agencies. Consideration of measurements that focused on
deposition and fluxes into and out of calibrated
watersheds, as opposed to just concentrations in rainfall,
led to proposing a target loading for acidic substances at
20 kg/ha/yr, a ﬂux rather than a concentration. This
could become a precedent for a new approach to
transboundary measurements that could be extended to
heavy metals and persistent hydrocarbons. We need to
recognize that the "target loadings" concept developed by
Canada represents a policy synthesis of studies by an
interagency group. It may be the ﬁrst "quasi-standard"
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expressed as an inter-media ﬂux, or annual input, rather
than as a concentration in one or another ofthe media.
Such inter-agency synthesis seems to be one way to
overcome divisions among the bureaucracies that make
most of the measurements. Is there a better way to
integrate across the media? The US. Environmental
Protection Agency (EPA) has completed some pilot
integration studies -— for limited geographic areas. One
has been done for Philadelphia, and one is coming up for
the Silicon Valley area. These studies are organized
around certain models for the collection and integration of
data, but they may be too limited to provide a useful
understanding of inter-media transfer. The models used
help to identify problems in how to handle the time
integration for inter—media transfers from air-to-land and
from land-to-air (emissions). The conceptual models must
be thought through, and the monitoring must be
responsive to the model logic if there are to be cross—media
measurements. For example, in the Great Lakes, one
might ask, "What is the conceptual model to use in
making the necessary measurements of loadings
(transfers between these interfaces) so as to assess
acceptable tolerances for compounds of interest in inter-
media transfers?"
The group then took up Question 5 on whether
monitoring design, etc., should be standardized. We noted
there are already indications that some aspects of EPA's
quality assurance programs,as operating in the ﬁeld, are
not state-of-the-art, and may even be 10 years out of date,
but that they are consistent and comparable.
Coordination for compatibility is feasible, and has been
achieved during special studies, but it is very difficult over
long periods, or across large regions, and between the
countries. Some individuals pointed out that the
increased paperwork and bureaucracy for standard
measurements may inhibit delivery of any product within
a reasonable time-frame. The conclusion was that we
must
recognize
the
inevitable
trade—offs
between
standardization, prompt delivery of the data base, and
making use of advancing techniques and concepts.
It is
important
that the
design be
flexible
and
capable
of
progressive improvement,
and yet produce information
compatible with that obtained in the past.
Next, the group discussed Question 8, the role of
monitoring within a decision support system.
The need
here
is
to
recognize
the
top-down
process
of
decisionmaking, and the bottom—up process of acquiring
knowledge. It is also necessary to recognize the many
constituencies who need data. Governments in both
nations have a responsibility, also, to assure that there is
continuity to the record. Although decisions are
responsive
to
certain
constituency
interests,
these
constituency interests have a periodicity. For example, we
may hear a lot about phosphorous in one decade and not so
much a decade later, although the problem may come back
and revisit. Despite a shifting of public priorities for
policy consideration, the decision support system needs
indications of effects (toxicity, health, and socioeconomic),
as well as the ambient condition. Thus, monitoring for the
decision support system leads not just to decisions to abate
(or not to), but to considering the possibility of other
problems or other aspects of resource status.
One should
remember, too, that decisions are not solely by
government, but also by individuals, by the media, and by
the business community, i.e., all the "constituency
interests".
Lastly,
the
group
considered
Question
1
on
the
intergovernmental
considerations
required
for
a
transboundary monitoring network.
The group felt this
question should be viewed within the framework of
Principle
21
of the
UN.
Stockholm
Conference,
and
Article IV of the Boundary Waters Treaty. This requires a
sustained monitoring record, subject of course to review to
assure efficiency. The group noted a need to proceed
 
 cautiously
as
to
how
much
one
should
induce
short-term
planning
horizons
that
involve
more
than
one
government
or level
of government,
or
waste
effort in
trying
to achieve
total compatibility in every respect.
Finally,
this
group
Wishes
to
observe
that,
in
thinking
about
a
monitoring
network,
we
have
to
keep
remembering
it is not
the
IJC
that
would
be
running
it.
Rather a transboundary
monitoring network would be run
by
entities in the state/provincial and
federal agencies of
the two countries. Thank you.
[Remark
by
E.F.
Roots
The
statements
about
monitoring
and
surveillance, while correctly giving the
gist of our discussion, do not result in a statement that is a
useful definition. This is a problem of English, more than
substance or content. I would suggest that we replace the
descriptions of monitoring and surveillance with more
definition-like statements as follow:
Monitoring is observation or measurement on a
regular basis with a deﬁned goal or purpose in mind; it
is more than simple counting or data gathering, and is
undertaken in relation to some reference condition or
standard, in the context of a prospective use. In
distinction, surveillance is systematic supervision or
keeping watch to determine a change, the introduction
of a new constituent or expressed effect, deviation from
a standard, or the gathering of any evidence that may
warrant further investigation, including regular
monitoring]
The
obvious
need
for
a
systematic
approach
to
the
assessment
of
chemical
behaviour
in ecosystems
has
been
extensively
discussed...
The
Iaissez-faire experimental
approach
has
lacked the efficiency to
cope with the expanding assessment problem.
Results obtained from
such
procedures were
often dependent
upon
specific characteristics
of
the
test
systems
and,
therefore,
of
little
use
in
providing
predictions
of
environmental
behaviour
in
other
situations
or
in
establishing general behaviour patterns for various chemical types...
These
approaches
have
also
hampered
the
interlaboratory
comparison
of
data
essential
to
the
comprehensive
evaluation
of
individual experimental programs.
lnevitably, many policy decisions regarding chemical hazards will, for
the
most
part,
be
based
on
extrapolations
of
environmental
behaviour from knowledge of the physical and chemical properties of
these substances and short-term small-scale laboratory experiments
and field simulations.
The selection of appropriate experimental
methods is thus critical to the relevance and utility of any testing
program...
An accurate assessment of the environmental behaviour of chemicals
is essential to the identification of high risk zones of exposure in the
environment and hence to the prediction of subsequent effects on
the biota... The term environmental behaviour, itself, encompasses a
variety of complex and interacting processes which ultimately define
the concentration and distribution of the chemical in the ecosystem.
These processes include (1) inter- and intra-media transport, (2)
abiotic and
biotic transformation
and
degradation
(including
mineralization) and (3) partitioning and bioaccumulation....
Although there is a basic conceptual understanding of many of the
abiotic and biotic processes affecting the environmental behaviour of
chemicals, the identification of individual reactions and the
quantification of these processes remains the primary goal of
environmental testing and a necessary step towards improving the
prediction of behaviour of chemicals released into the environment.
— F. Korte, W. Klein, and P. Sheehan, "The Role and Nature of
Environmental Testing Methods” in Appraisal of Tests To
Predict the Environmental Behaviour of Chemicals (1985)
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Working Group 4, Tim Smith, Rapporteur Our facilitator
was Bruce Bandurski, and we had a very interesting and
wide—ranging conversation. We gave the top priority to
the problem of implementation, how to get started, do
something. We decided on a small initial approach,
flexible enough so that it can grow, perhaps an
experimental project — $100,000 in the ﬁrst year. We
envisioned possibly a five-year plan with year one scoped
out at that modest level, but with provisions for an
interface to more sophisticated, larger systems as practical
and political realities dictate over a period of time. So,
we're interested first in implementation.
What would such a system conceivably look like?
Figure 14 is our flow chart to try to give some notion of
L
O
U
C
K
S
Loucks Goldman
what the pieces of this thing might look like. The state of
knowledge of a system at any point in time could be
understood as composed of perhaps ﬁve different kinds of
things, only one of which is really numerical. The ﬁrst
thing would be routine scanning of ecosystems, using
experts or peer review to diagnose incipient problems.
Next would be examining proposals —- things like EISs,
for example, that are always around — for potentially
disruptive actions. At a given point in time, there are
always proposals to do things, so there is something on the
docket that needs to be considered. Is it good? Is it bad?
For it? Against it? Modify? Whatever. Third is
extrapolating trends in existing data to identify problems;
that's the numeric part. You will have arecord of what
 
  
exists, and within limits, what can be extrapolated into
the future.
Checking effects elsewhere is a fourth item. Problems
detected in other parts of the world may alert us to the fact
that we have a problem here too. We'd better start
monitoring mercury, for example.
Finally, there is sensitivity to change, and there are
two parts to this. We know certain organisms are
indicator organisms — the old canary-in—the—mine
approach — but there is also the sensitivity to change of
our organizations themselves, of our institutions. If
certain modiﬁcations are made, something may become
unstable. That last thing might better be analyzed by
social scientists, for it's very far from being a numeric
database.
The above set of actions comprises the state of
knowledge of the system at a point in time, but this state
of knowledge is only effective as it can be transmitted to
the decisionmakers (element @, Figure 14) in terms
relevant for developing policy. It must be transmitted as
useable knowledge, not just data: "Can I swim in this
particular body of water?" That's a human interface,
where the state of the system has to be transmitted to the
decisionmakers in their terms.
Now we move to a block that we call "foresight" in the
sort of a context of global foresight -— a number of bills
floating around in Congress now have talked about global
foresight — and the best way you can describe that is as
projection of a series of possibilities. These are things that
might happen as a result of this snapshot of this system at
time = t, with assigned probabilities; some things may be
more probable than others. Development of policy, or
foresight, then is facilitated by input from decision support
sys
tem
s,
mod
els
, o
r a
var
iet
y o
f a
nal
yti
cal
sup
por
ts,
to
project a set of future possibilities with assigned
probabilities that denote risk.
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Figure 14 Open/Heuristic System
Coming out of that (element @ , Figure 14), you have
an assessment of the adequacy of current knowledge for
action. Do we even know enough to do anything? Well, if
we do, or if we have no choice except to go forward and
take some kind of action, then we do so. Action is then
taken on those decisions ready for implementation, or for
which policy development is urgent. This includes further
tests to determine better the nature of developing
problems.
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If there is not adequate knowledge for action, that's a
good time to go through another feedback loop to say we
need more research and development on a particular area,
perhaps more data to correct the deficiency. That, in turn,
feeds back into your modeling process.
These components of Figure 14 form an open, heuristic
system that could grow, could learn over time. Since you
can't anticipate everything at any particular point in time,
you could revisit things periodically, on an annual or
biennial basis, assess where you are, and move forward
sort of notching it up, boot-strap approach, step-by-step.
Stated more formally, this is a system through which an
organization like the IJC could cycle on a periodic basis. In
each cycle the knowledge base is improved, and progress is
made toward solving problems.
We have some other comments on data quality. We're
very concerned with the problems of inadequate quality
control and statistical adequacy of data systems. True,
some are better than others, but, especially when you get
into biota, it's very, very difficult. For example, when
measurements are made out of context, as in the case of
concentrations of contaminants in fish, it's difficult to
interpret the meaning 'of those concentrations without
knowledge of the causal pathways within the organism's
life cycle. Quality control also implies cost-effectiveness.
There is probably inadequate attention being given to the
fact that one must design a system to get the most out of
every additional piece of data added to it, since data
collection is such an expensive process intrinsically.
We also addressed the standardization problem, a very,
very major problem. Standardization is necessary for data
elements, ﬁle formats, etc. It is practically impossible to
transfer data from one system to any other system at all,
when every system developer devises his own data
element codes, devises his own file layouts, and is using
different computers. This problem potentially can get
much worse in the transition from large central machines
to smaller, more widely spread machines. There is a
possibility of translation software to get from one to the
other, but that's expensive. It can be done.
I would say, to come around to the bottom line on it, our
ﬁnal recommendation from the whole work group is to get
started by inventorying what data systems exist now. Try
to put them together in some sort of a network, if at all
possible. There may be some that won't fit. We need to
identify overlaps and gaps in the data records before even
beginning to say what is needed. Perhaps in that pilot
system, that $100,000 system, the thing to deploy is a
problem-oriented data system that focuses on just selected
key issues, for example, acid rain. More than anything
else, create an information exchange to tap the knowledge
of a wide community of professionals. We need to know
what can and cannot be used from the things that exist
now, and then go forward from that point.
 
CDNnet Receives Government Funding
The University of British Columbia has received a grant from the
Natural Sciences and Engineering Research Council of Canada
(NSERC) to operate a network information and operation center for
CDNnet. CDNnet is a network of research institutions and uni-
versities in Canada that have been testing the EAN message handling
software. EAN is an X.400-based system that was developed at the
University of British of Columbia. It is distributed to educational
institutions by the University of British Columbia and to others by the
Sydney Development Corporation as "SYDCOMMHS."
The NSERC grant provides three years of funding for the center,
which will be named CDNnet Headquarters. The aims of the grant
are to establish CDNnet as a self-sufficient service enterprise, to
support further development of EAN, and to assist the transfer of
messaging and networking technology from the universities to the
private sector.
—- Notes from the Vol. 1, No. 3, 1985, issue of EDUCOM
NETWORKING
 
 Working Group 5, Roger Green, Rapporteur We were
given Question 4, which is: "How can efforts of the many
and diverse agencies in echelons of government be
coordinated?"
I don't think we explicitly wandered to other questions,
but then with a question like that, we were quite able to
touch on most of the others to some extent. We had a
broad group. It covered people with experience in major
government agencies in both countries: the IJC
commissioner; an academic, myself; Library of Congress
Congressional Research Service; Chairman/Facilitator,
Alan Clarke of a philosophy/social science background.
My summary of what we came up with will reﬂect that.
We started out by agreeing very rapidly that the question
needed to be expanded slightly, in that it was not just
diverse agencies and echelons of government we were
talking about. Obviously there were universities and the
private sector involved as well. In a sense, we took the
question as implying the IJC-mandated interests, which
could be thought of as a restriction.
 
Now, I'm going to summarize what we came up with by
stating our assumptions, which were originally drafted by
our chairman/facilitator and then ﬁne-tuned by us. Then
we'll move from assumptions to what we concluded should
be done. That will be stated in the order of what we took
as being priorities.
First, our assumptions: We assume that people desire
environmental security, by which we mean something like
the ability to breathe the air, drink the water, and live on
the land, without fear for both present and future health
and happiness. We also assume that, in particular,
Canadians and Americans desire environmental security
on this continent. We believe that the Boundary Waters
Treaty, both implicitly and explicitly, is intended to
enhance environmental quality in the Canada/US.
transboundary region. This binational body, established
to recommend to governments on how this environmental
security may be achieved, depends upon the quality and
comparable nature of the information and data provided to
it. It follows that subsequent decisions and regulations
made by governments in response to such
recommendations also depend on the quality of
information available.
We believe that the present coordination of data and
other information can be improved, and we address the
question: "How can the environmental information-
gathering efforts of the many and diverse agencies and
echelons, governments, and other sectors of society, be
better coordinated, speciﬁcally with respect to the
following six items?"
0 First of all, scientiﬁc data bases in the general
sense, which we take as meaning the numbers.
0 Secondly, related to that, information in the more
general sense of, what do the numbers mean? What
are the variables? What do they imply? For
example, "Can you swim in the water?"
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 Working Group 6,
Ruth Patrick, Rapporteuse
Group 6
was
made
up
of people
representing a
great variety
of
disciplines and expertise.
Therefore, it took a considerable
period
of
time
to
understand
just
what
was
meant
by
monitoring.
We
also had
to decide what
we
considered to
be the types of monitoring systems of interest:
whether
they were monitoring biological, chemical, and physical
aspects of the environment; whether monitoring systems
were
concerned
with
people's
attitudes
and
sense
of
values; and whether it would be of any use to monitor
anything, if people did not accept as of value, data
obtained from the monitoring system.
We discussed the11 questions given to us. This also
took some time, as different people with different expertise
approached these questions in different ways. However,
we did identify three goals of monitoring, two areas of
research, and one recommendation, and these I will
succinctly tell you.
Patrick
First, we
believe that monitoring should be of natural
and
human
system
characteristics to detect change
in
order to develop models for forecasting and
for policy
development.
By natural systems and the characteristics
that should be monitored, we considered that air, water,
and land, as they all interact, should be monitored. In air
we would monitor the physical characteristics; in water,
the physical, biological, and chemical; and we would also
do that on land.
The characteristics of humans that we
would monitor would be behavior, attitudes, and
productivity.
Second, we believe, and this of course is the most direct,
that monitoring should be done to answer the questions of
concern that are current, the problems that are before the
people.
And third, we realized we couldn't possibly predict
what would be the problems of the future, but we believe
that, just as with the mercury incident of fish, with the
acid rain problem we ﬁnd that looking at the past helps us
to interpret the present problem.
After considerable discussion we concluded that
Questions 5, 6, 7, and 9 really were aimed at developing a
monitoring system concerning the various components of
the natural environment, e.g.:
o What data exist?
0 How can one integrate these data?
0 What organisms should be monitored or conserved
today to give us information which we may wish to
use in the future in order to understand trends?
It was thought, perhaps, by looking at past records, i.e.,
records either in the literature or records obtained from
the natural environment, we would be able to identify
more clearly what were the kinds of things we should be
doing today in developing a monitoring system that would
be of value in the future.
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We felt that the remaining questions fell into two
groups: The first group of questions were, more or less,
concerned with the value of monitoring systems to human
beings in solving problems, e.g.:
Question 1. What binational, intergovernmental
consideration should be addressed in designing,
developing, and implementing a transboundary
monitoring network?
Question 4. How can efforts of many and diverse
agencies and echelons of government be coordinated?
Question 5. To what extent, and how, can monitoring
design, implementation, and techniques be stan—
dardized to improve compatibility and coordination of
effort?
It seemed to us that those were the types of questions
that needed to be answered in designing a monitoring
system that would be of value to human beings in solving
problems. Question 2, "How can long-term monitoring
needs be integrated into a budgeting process that is
essentially annual?" was a question that we thought stood
alone and really did not help to elucidate the thoughts
expressed by the other questions. Questions 8, 10, and 11
form a group that speaks of the value of monitoring the
natural environment to answer human questions and to
aid in informing people concerning their environment.
These questions were as follows:
Question 8. What is the role of monitoring within a
decision support system?
Question 10. Is there any way to establish an informed
network of individuals interested in integrating
environmental data, particularly data collected in a
monitoring system?
Question 11. How can we get from public (grassroots)
acceptance of our environmental problems to
statements of policy and implementation of monitoring
and other solutions?
m ﬂ
These questions certainly involve sociological science
as well as the natural sciences involved in the actual
monitoring.
The final conclusions of our group concerning the
monitoring system were:
1. Spend considerable time in designing and
developing the monitoring system.
2. It was recognized that one monitors different things
depending on questions you wish to ask. One should
consider what they want to measure, what
indicators of change they should monitor, and how
sensitive we want the monitors to be.
3. It is important that one be able to recognize changes
that identify stress before it becomes so severe that
the system cannot recover if the stress is removed.
4. There should be careful quality control on any
system so that the data collected is representative of
the condition being monitored.
5. One should monitor not only the environment, but
also the various. patterns of man's activities as they
may affect the environment.
6. A model or models should be developedfrom past
and present data which can forecast the effects of
small changes in the environment and/or man's
activities.
7. The mode1(s) should befrequently tested with new
data so as to refine the ability to forecast and show
trends.
8. Our group felt that since we could not possibly
determine today what would be the problems of the
future, it was important that we set aside natural
areas containing long-lived species, as well as areas
having more rapid turnover. Examples would be
natural reserves such as those of The Nature
Conservancy [Ed. Note: See article (Appendix C,
p.655) on how The Nature Conservancy determines
boundaries of reserves for migrating wildlife], the
 
  
World
Wildlife
Fund,
Long-Term
Ecological
Reserves,
which
should
be
maintained
so
that
in
the
future
we
could
go
there
to
see
if,
in
the
past,
there
were
problems.
They
should
include
lakes
as
well
as
forests.
The
long-lived
species
should
represent
various
groups
of
both
plant
and
animal
organisms.
If this
is
done,
one
would
then
have
populations
of
organisms
in
natural
systems
from
which
one
could
discern
trends
in
the
future
and,
thus,
tell whether
any
change
were
truly
caused
by
man
or,
rather,
what
one
would
expect
naturally
to
happen
over
time.
One
must
consider in
the
monitoring system
how
one
would
determine
whether
a
change
was
due
to
natural
evolution,
whether
it represented
a
catastrophe,
or
whether
it was
just
an
anomalous
piece
of
information.
The
group
felt
that
such
judgments
could
be
made
only
through
the
availability of long-term
records of organisms made
possible by the reserves mentioned above.
The
group
also
recommended
that
research
be
carried out to improve the methods for reading
historical change from the biota which, perhaps,
would be from chemical and biological examination
of peat or of strata developed in the past.
Other
examples are the sediments in lakes or the changes
in clam
shells over time.
A
good example of
biological indicators in sediments is the
examination of pigments in sediments that show
how algae have changed over time and from which
the meaning ofthose changes can be interpreted.
Thisisoneﬁeldofresearchwefeltneededtobe
developed. It is important that are perfect our
methodsofreadingthepastenvironmentinorderto
evaluate change.
The group also recommended that it was
importantfortheUnitedStatesandCanadatojoin
fweesindevekqﬁnganinfomaﬁonrepositoryanda
10,
sample
repository
for
all
inliwrnutlon
in
North
America
concerned
with
the
chemical,
physical,
and
biological
characteristics
of
living
things.
it should
be
comprehensive
and
should
include
such
things
as
the
ability
to
abstract,
statistically,
information
on
an
on=tlmo
basis.
There
should
he
a
repository
for
data
obtained
by
statistical
methods
and
also
for
specimens.
lists
should
be
automated
so
that
they
could
be
quickly
called
up
and
integrated
in
various
ways
to
answer
different
types
of
questions,
Obviously,
not
only
organisms.
but
also
air
data.
water
data,
and
changes
in
the
landscape
should
he
recorded in this data base,
,
The
group
recognized
that
communication
and
the
appreciation
of the
value
of
the
monitoring
system
were
two
of
the
most
difficult, yet
most
important,
aspects
of
any
monitoring
system,
Mr,
Rodoic
pointed
out
that
the
technical
person
usually
identifies how
a
system
has
been
degraded
and
stops
there.
However,
he
says
that
the
public
wants
a
solution:
0,3,,
they
don't
want
to
be
told
that
acid
rain
is
destroying
our
lakes;
rather,
they
wont
recormnendations
on
how
to
correct
the
problem,
He
and
the
working
group
therefore
recommended
that
monitoringshould
he
so 4
0
3
0
4
that it points
outwhathastobcdoncinor
tobring
shoot
rehabilitation,
Finally,
we
made
a
r
m
n
d
s
t
i
o
n
that
the
assessment of existing monitoring programs, such
as that described in an.
5958, be undertaken
in
both
Canada
and
the
United
States,
with
appropriate
coordination
between
the
W
e
nations;
Wynn,
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Working Group 7, David Rapport, Rapporteur Our
group was assigned Question 5; but it turned out that we
had quite an anarchist group and couldn't really see
ourselves sticking to Question 5, or any one question. We
had a rather wide—ranging discussion, and I'll report here
what I perceived to be the main current.
First, we identified three major goals of a
transboundary monitoring network: it should serve to
check for compliance with existing agreements; it should
serve to establish long-term trends in conditions in the
transboundary water systems; and it should serve to
signal emergent properties and problems.
Now, the needs to reach these goals are many and
various, and I'll here report on a few of them. As some of
the other rapporteurs have stated, there is the need for
inventory-taking. In our group, we are unaware of any
comprehensive inventory of what exists with respectto
various aspects of monitoring on the transboundary
waters. It seemed also that the question of what exists
should be broadened to include not only monitoring
programs under various government agencies directly on
the water bodies, but also socioeconomic data: human
health data and other factors relevant to a more holistic
description of the system. With such a stock—taking of
what exists, it should be possible to determine what is
missing when you specify what is needed; and what is
needed depends, of course, on the objectives and challenges
we set for this program.
Now with respect to methods, it was considered that
perhaps the most useful methods are the "blunt-edge"
methods, not the highly sophisticated technological
methods that measure parts per trillion, and that change
almost as fast as the data that they are collecting. What
was suggested rather, is that we perhaps revert to what
some may consider more primitive technologies, methods
that by their more blunt edge eliminate a lot of the noise
and get a consistent record. This type of record can be kept
for long periods of time to detect basic change.
Holism has been mentioned as a particular challenge to
the establishment of a future system. Past monitoring has
been piecemeal. Ruth Patrick and others have challenged
us to think in new ways, to try to get beyond the
contaminant-by-contaminant approach, the segregation of
air, water, and land, to a more comprehensive view of the
system processes and states in change. Now this is a tall
order, but a start can be made by thinking of aggregating
contaminants into a limited number of groups of
contaminants that could be handled; to thinking of
monitoring the biota in terms of community structures,
rather than individual organisms; to looking at properties
of ecosystems such as metabolic properties, productivity,
nutrient cycling, and the like, in order to get at these
larger integrative functions of aquatic ecosystems.
 
 Monitoring design was also touched on, and there the
comments centered on the need for establishing a limited
number of control stations for various parameters. It was
recognized that these control stations would vary,
depending on focus. Contaminants might be optimally
measured in in—falls, out-falls, well-mixed waters below
out-falls, and so forth; but this wouldn't serve equally well
for atmospheric chemistry, or for questions of community
structure in wet lands, so a monitoring grid, with a limited
number of control stations, ought to be established, but
they would vary, depending on the parameter, the focus.
History — Ruth Patrick mentioned that -— our group
also felt it's important to record the history through data
banks. We're meeting in a museum; it's very appropriate
to think of history in a place such as this, to have specimen
banks, tissue banks, and other things — not only
specimens and tissues, but whole communities.
Phytoplankton and diatoms might be preserved so that
one can do some retrospection when problems arise.
One of the challenges also in this group and this
meeting is to look to futures. What kinds of monitoring
systems might be sensitive to future problems, to the
unpredictable occurrences? In this we have no easy
answers, but it seems that a sufficient body of knowledge
already exists in the aquatic sciences and in other
ecosystem sciences, such as stress ecology, to begin to
identify certain basic vital signs of the health of
ecosystems. These vital signs appear to be influenced and
affected by a wide variety of stresses, both the known and
the unknown.
Now, if we draw an analogy to medicine, we might be
suggesting, here, a routine monitoring of ecosystems as
patients. Just as you go for a general health checkup, if
you can identify a handful —- and we believe a suitably
convened committee of experts could do that now for the
boundary waters —- if you identify a handful of vital signs,
you could routinely monitor the system to see if there are
any problems. If the vital signs are sufficiently well
chosen, they will reflect problems of both the known and
the unknown stresses. Where there are problems, then
you must go further, you must go to diagnostic techniques
just as they do in medicine, more tests, more expensive
tests, more detailed tests to find out the nature of the
problem. There is also a concern, of course, that in
ecosystems, given the long time lags between the onset of
stress and its manifestation in the system, that by the
time you detect it, if you're not careful, it's far too late.
So, this also should be an emphasis in devising your
monitoring network on early warning indicators. Again,
this requires convening expert groups who have studied
this problem. Again, in aquatic systems, there are well-
studied cases with respect to acid rain and other problems
of sensitive, critical points in the ecosystem where these
affects show upearlier, much earlier, than in the total
system. This should also be a consideration.
Finally, a comment on the transference of data, to
information, to knowledge, to wisdom. We suggest, and
I'm sure you would all agree, that a conscious effort be
made to close this circuit. That too often data are just left
hanging. There is not the conscious effort to assimilate it,
to aggregate it, and to put it out in a form where it's
digestible by decision makers and the general public. So,
whatever kind of monitoring systems and programs are
initiated, there ought to be some sort of builtin assurance
that those steps are carried out.
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Working Group 8, Bernard Patten, Rapporteur Group 8
was assigned the following question to consider: "What
integrated monitoring studies exist, and what can we
learn from them?" The group considered this question in
context of the total of topic questions provided, observed
that Questions 4 ("How can efforts of the many diverse
agencies and echelons of government be coordinated?")
and 7 ("How can cross-media — e.g., air, water, soil, and
biota -- studies be better integrated and coordinated in
time and space?") were particularly important. We then
agreed to develop topics and priorities independent of the
suggested list. Seven questions were identiﬁed in addition
to assigned Question 6:
1. What are the definition, rationale, and logic of
monitoring?
2. How can monitoring be reconciled to, or deﬁned in
terms of, hypothesis testing?
3. How can monitoring become responsive to new
ecological information that indirect and time
delayed effects in ecosystems (i.e., system history)
are important determinants of present change?
What is the role of modeling in monitoring?
How can monitoring information be transferred to
the decisionmaking sector?
What is the role of monitoring in forecasting?
. What is the proper role of the IJC in data collection
and analysis?
9
"
?
“
F
”
The working group recognized that these questions
were interrelated. Questions 5, 6, and 7 were lumped into
Priority Question (PQ) 1; questions 1, 2, and 4 were
consolidated in PQ2; question 3 became PQ3; and the
assigned question above was relegated to PQ4.
Priority Question 1
Figure 15 consolidates the elements of PQl and shows
their interrelationships:
The ﬁve Roman numerals identify particular points for
further consideration and development. The working
group intended to return to these points for organized
discussion, but lack of time prevented this.
The points
remain for further consideration by readers.
We felt that the role of monitoring in decisionmaking
was a critical issue because of the generally weak linkage
that occurs from data, to information, to knowledge, to
wisdom, and so forth. We felt that the role of monitoring
in forecasting had to be investigated because around the
globe we are failing to forecast accurately. Prediction is
very dismal, but it is possible, by gathering data through
monitoring, to generate information about current and
past states of the system. Through science and modeling,
it is possible to generate information about laws of the
system. Those two things — current state and knowledge
of the law — combined with the driving input of the
system should be sufﬁcient to project future behavior.
However, the problem is that the driving input is coming
in the future, and that can't be predicted. Therefore the
general state of forecasting is bad.
Now, the role of the IJC in data collation and analysis
was identiﬁed as a related question here; the clearing-
house concept was discussed. We were able to array those
elements (Fig. 15) and relate them to one another in the
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morning session for future discussion. The idea here is
that you have monitoring programs wherever they exist,
generating data sets from wherever. These data can, in
principle, be gathered, collected by IJC, and analyzed. By
some analytical mechanisms the decision problems and
the forecasting problems could be addressed, and the
result of the activities of this organization could feed back,
at least to some of the sources of data, and perhaps lead to
some modiﬁcation of them. As I mentioned, the Roman
numerals in this diagram were identiﬁed for later
discussion, and they remain in that state now. We never
really got back to them per se but at least they are
identiﬁed as being among the critical issues.
Priority Question 2
The second priority question concerns monitoring
itself. Figure 16 illustrates PQ2, and continued
numbering by Roman numerals identifies further points
for development.
Note that Roman numeral I in Figure 16 corresponds to
I in Figure 15 above, illustrating the relationships
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X
. .—’i Definition ‘
Envuronmemal T IX i F’ Date I
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a— 09
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Figure 16
7
&
—
between
the
original
six
questions
comprising
Hill
and
PQ2.
Now what, exactly, is monitoring? For those of us, like
myself, who are new to this, I ﬁnd that I do not really know
what monitoring is. I’ve heard a lot about the term.
We
heard
Several
harms
—
surveillance,
monitorinﬂ
for
compliance,
etc.
.—
used,
but
I
honestly
haw
questions
about monitoring as a Science, mostly out of ignorance.
The logic and rationale for monitoring are not well worked
out, are not well understood, so W8 identiﬁed these as n 8“
of questions worth considering (Roman numeral Vll- This
brings
up
the
relationship of monitoring
to the
whole
activity of hypothesis generation and testing -— how to get
monitoring in that loop, or by
ithesis testing in the
monitoring loop. The same goes or modeling. The notion
was that “was notiVities, monitoring and modeling, were
activities that were closely related and should be.
Then our third priority question con/corned the notion
of monitoring and indirect effects and 4218de Effects in
system. In ecology there seems to he a developing
knowledgeoftheimportemoftimedeloysﬁomwm
tothetimeﬁeotsereohservedmrinimmmlwwiin
theyopamonofemmintheoompiﬁzmwym
networks; and the question was, "how conWbe
responsive to this rather new WW‘ ’ilbon me
Wmomnon waWwWWu-nw
studieswhetoan we turn from them, NW
New here (Figure have the three
y .-‘
their proper interrelatioooh' . How should «We devokw
the means to get these Mindiee
together? The diagram that we problem on:
driving the modeling and hypoﬂmsis ’1’th leaves
the with ﬂows and W newest:
Timeoutputdthisentimmwiﬂligm Minot
commonsensemmowdwwawwww
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the previous diagram (PQl), so there is some feedback
here in the sense of the solution to the problems, or
identification of new problems and so forth.
The realization of these relationships led to the
following synthesis, focusing on the IJC (Figure 17).
Informed opinion within the working groups held that
the mechanisms to the right of the broken line do not
presently exist, but are needed to fulﬁll the foreseen
"honest broker" role ofIJC in transboundary monitoring.
The discussion of monitoring rationale and logic
(element VI, Figure 16) did not materialize for shortness of
time, but it's a persistent question in my mind, and I
wanted at least to say something about how I see the
elements of it. If we consider our collection of monitoring
variables — physical, chemical, and biological, such as
mussels, tree rings, peat, sediments, whatever the
variables may be —— we can consider them to be a long list
or a vector, functions of time, functions of the spatial
network, and so on.
More formally, let v(t,s) be a vector of monitoring
variables, physical, chemical, or biological; these variables
are functions of time (t) and space (s). Let v0 be a vector of
standards for these variables that, if exceeded, would
signal undesirable environmental conditions. [These
standards reflect permissible deviations from historical
values, based on monitoring records] Let vt be the known
history of the variable set, as provided, for example, by
monitoring data, and let v; be future values of the
variables. Then, undamaged conditions characteristic of a
protected environment (PE) would be reﬂected in the
relationships:
PE=>|vt-vt|§ v0
where =9 means "implies" and I o | denotes a vector norm.
This means that deviation of future values ofthe variables
not exceeding past values by more than the defined
                       
|
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standards is necessary for a protected environment. The
logically equivalent contrapositive is
Ivt-vtI > v0 =>PE
where PE [i.e., not the Protected Environment] denotes a
degraded environment; the condition on the left is
sufficient to establish this — one of the objectives of
monitoring. However, the converse of the first
relationship, or equivalently, the inverse,
Ivt-vtlé vo=>PE E P—E—=>|Vt-Vt| >vo
is difﬁcult to establish in monitoring. 0n the left,
maintaining the variable set within standards is sufﬁcient
to denote a protected environment, and on the right,
environmental damage is sufficient to denote that the
standards have been exceeded. The problem is that
environmental degradation may occur through other
causes than those represented by the set of monitored
variables. As many workshop participants repeatedly
observed, future surprises are likely; it is difﬁcult to
determine a set of monitoring variables that will establish
a sufﬁcient relationship to an undegraded environment in
all foreseeable circumstances. [Ed. Note: See Loehle’s
paper (Appendix C, pp. 735-739) for impact contexts]
 
 Let me
restate
that
somewhat
less formally.
For
each
variable,
we
could,
in
principle
at
least,
identify
some
standards,
some
maximum
values
above
which
if
that
variable
went,
we
would
consider
that
it
was
not
good.
Then
we
can
identify the
data
set which
comes
out
of the
historical
monitoring
that
we
have
already
done,
and
we
can identify the vector of the future values of this set of
variables.
Now
note
a
protected
environment
versus
a
damaged
environment,
and
look
at
the
logic
of
the
relationship between the future and the past.
Presumably if the future and past are similar, closely
related, so that the deviation is small, then that's going to
be
good.
That's
what
we
would
be
aiming
for
in
environmental protection.
So, speciﬁcally some norm of
those vectors would be less than, or equal to, the standards
established, and we would want that to imply that we've
succeeded in protecting this environment. The problem is
that sufﬁciency is very difﬁcult to establish. We've all
heard about the surprise variable, the one we failed to list.
That comes up again later. However, we generally can
establish the necessary condition. A protected
environment implies this relationship between the future
and the past. That is what we can do in general, it seems
to me, in monitoring; but the sufficiency problem remains
a diﬂicult one, in my opinion.
So, there is an area which one could call "theory of
monitoring”, which needs to be explored. Can you tell me
who has explored it, those of you who have been engaged
in monitoring? The same can be said, of course, inmy
area. Theory ofmodeling is as yet unexplored. We mostly
do modeling, but basedon rathertenuous theory.
We achieved a synthesis of the ﬁrst two priority
questions in a manner relevant to IJC, and I'll try to
explain my way through Figure 17. The problems from
everywhere are referred to the commissioners, who then
deﬁnewhattheprogramoftheIJCistobe. Thisleadstoa
coordinated monitoring program, which generates data
sets, but then the process gets sticky.
What we're seeing
in Figure
17 is the need
for a survsillance
program
which
would
lead to two things:
( 1), a redefinition of the program
as
handed
down
from
the
commissioners.
and
(2)
a
translation
mode
such
as
we
considered
in
Priority
Questions 1 and 2.
’l‘hat translation operation than
would
go to
the commissioners in
such
a
manner
that
they
could
report back to the people who gave them their charge.
Priority Question 3
Ecosystems are networks, complex interactive
networks of physical, chemical, and
biological variables.
The
canonical
unit
of
those
networks
is
something
inﬂuencing something else, in a direct causal relationship.
Out
of all
of those
individual
direct
interactions
is
generated the network.
Once
you
have
the
network,
control is transferred to it out of the local level to the
global level. ’i‘hen control comes back in at the local level
from the upper levels in the hierarchy.
You may, however, because oi'suirsge and other modes
of delay, get time delays in this process. ’i’hlm time delays
turn out to be signiﬁcant in defining the character of the
network. In a similar way, you can also get indirectly
propagated inﬂuences that also are time delayed, but they
involve variables other than the original and terminal
variables.
More explicitly, direct effects in ecosystems,j v i, are
the instantaneous causal events thatcollectively define an
interactive network. The propagation of causality over
ecosystems may be timedelayod {or various periods,
3—, j 9...»), «I i, or may be propagated over indirect paths
involving other system commute than the soumc and
terminal ones,j «rm—9k w...~vi,k + M. The assessment of
indirect paths is difficult when Whack loops are
involved, jam-9 k—vmw bani,
-
T
—
l}: J
  
258
 
The influence associated with indirect and delayed
paths tends to be stronger than direct effects in large,
complex interactive networks, such as those of ecosystems.
Because in both cases time passes in the causal
propagation, this is equivalent to stating that history is
more important in the present than the present itself.
Most scientists would ﬁnd this counterintuitive; Dr.
William J. Cronon's keynote address for this workshop,
cogently illustrating the significance of history in
environmentally mediated human impacts, should make
the acceptance of the point easier here. This being the
case, monitoring programs need be designed to take
account of this fact.
So, this gets particularly difficult when you have loops
in the system, feedbacks of some kind, because the
analysis of loops in systems is not easy. You have to model
them, you have to ﬁnd them, then you have to learn how to
analyze them. All of these things, other than direct
influences, involve a diversiﬁcation of the network. When
you add storage delays, when you add indirect influences
to systems, you end up diversifying and speciating the
paths available over which influence can travel in these
networks.
Furthermore, the indirect effects that result therefrom
are functions of three things at least: the delays; the size
of the system (the larger it is, the more are the indirect
effects amplified as they pass through the network); and,
paradoxically, the strength of the direct effects. The
indirect effects get stronger faster than the direct effects
do. Monitoring, then, needs to become responsive to this
growing knowledge of the signiﬁcance of indirect effects in
ecosystems. It means that the past, which we have
monitored (or not monitored), is not really past, but it is, in
fact, still with us. Witness once again, the keynote
address, where we had a historian telling us about the role
of history in systems. He said that, with this knowledge of
indirect effects and its signiﬁcance, one could say that
history of the system is dominant even now. We need to
learn how to study that. Dr. Cronon would have no trouble
with that. Most scientists do have trouble with it, because
we're not trained that way. History dominates even the
present.
Priority Question 4
Many case studies are available to illustrate strengths
and weaknesses of monitoring. The group discussed only
one (Great Lakes) very briefly and came to no distinct
conclusions. Thank you, Mr. Chairman.
[Remark by Tom Kuchenberg Dr. Patten has provided a
report of our deliberations. While I agree with the main
points of his summation, I feel that a number of items need
to be expanded.
1. It is my impression that the group avoided
exploring a definition of monitoring because it felt
that such a deﬁnition would be premature. We had
been exposed, on the ﬁrst day of the workshop, to
visions of monitoring that ranged from the cosmic to
the speciﬁc, and it became clear that participants
tended to view monitoring in terms of their own
professional mandates or interests. The boundary
between surveillance and monitoring seemed
particularly ﬂuid. Further, the need to add
qualiﬁers to some aspects of monitoring such as
"monitoring for compliance" seemed to suggest that
we were dealing with several different matters.
The unabridged Random House dictionary
provides 14 deﬁnitions for the word "monitor".
While many of these deﬁnitions are speciﬁc to
certain occupations, a number seem to have been
relevant to the workshop: (3) something that serves
to remind or give warning; (4) a device or
arrangement for observing or recording the
operation of a machine or system ; (13) to observe,
record, or detect an operation or condition with
instruments that have no effect upon the operation
 i A
  
or
condition;
(14)
to
observe
critically,
oversee,
supervise.
There
is
even
a
deﬁnition
that
presupposes
an
agreed
set
of
values:
(2)
one
who
admonishes,
especially with
reference
to conduct.
Thus,
lack
of
precision
appears
to
be
inherent
in
the
term
"monitoring".
As
such,
the
word
is
well
suited
to the
evolving
art/science
of environmental
evaluation.
To
impose
prematurely
a
deﬁnition
on
a
developing
concept might
serve
only
to
restrict
its
scope unnecessarily.
.
I would
like
to
emphasize
the
group's concern
over
the lack of follow-up with
regard to environmental
impact
assessment.
It
was
noted
by
several
group
members
who
had
participated
in
such
assessments
that unexpected changes often exceeded anticipated
impacts.
Evaluation
of
past
performance
would
seem
essential
to
the
reﬁnement
of
predictive
environmental
skills.
One
of our
group,
Robert
Newbury, has had experience with such follow-up;
and
I hope that his supplemental comments on this
topic will be included in the proceedings.
In
this
regard,
I
would
like
to
suggest
an
addition to Figure 17. Based on the group's
discussion, I feel a return arrow should be added,
pointing from modeling/hypothesis testing to
coordinated monitoring. This would indicate the
need to alter monitoring parameters and techniques
in the face ofnew information and experience.
The need for such creative tension is illustrated
by a June 21, 1985, article in Science, "Long—Term
Ecosystem Stress: The Effects of Years of
Experimental Acidiﬁcation on a Small Lake"
(Schindler et al.). Here, the authors document the
results of a deliberate eight-year acidiﬁcation of an
Ontario lake. Their ﬁndings provide signiﬁcant
insights into the dynamics of lake acidiﬁcation and
challenge some of the fundamental assumptions
underlying earlier monitoring of this process. An
example: "Most monitoring programs now used for
detecting
lake
acidiﬁcation
rely
heavily
on
measurements
of
pH
and
abundance
of
adult
sport
ﬁshes.
Our
study
suggests
that
these
factors
are
not
sensitive
reliable
indicators
of early
damage
due
to
acidiﬁcation."
The
authors
point
out
that
the
disruption
of
the
food
chain
and
failure
of
reproduction
"
may
make
it
easier
for
anglers
to
catch more
and
larger
sport ﬁsh
at
this
stage
of the
acidiﬁcation
process".
An
illusion
of
abundance
might
mask
the
advanced
acidiﬁcation.
While
other
factors,
such
as
phytoplankton
production,
seemed
to
be
unaffected
by
the
acidiﬁcation
process,
and
thus
of
little
use
in
monitoring
programs,
the
authors
note
that
one
key
indicator
has
seldom
been
utilized:
"Both
survey
work
in
Scandanavia
and
our
study
suggest
that
benthic
crustaceans are
very sensitive
indicators of
acidiﬁcation, but collection of these species is rarely
incorporated
in
acidiﬁcation
monitoring
in
North
America."
The
limitations
of
laboratory
studies
are
also
discussed in the article.
The
authors state that such
microcosm
studies
could
not
have
predicted
the
extent of disruption to the food web and
the decline
or
destruction
of
species
"
that
result
from
the
interaction ofmultiple stresses".
The
authors are led to the conclusion that "... the
large herbivorous or carnivorous species which
are
of most concern to man cannot be realistically
studied in an experimental vessel smaller than
a
whole ecosystem."
Since
passive
monitoring
of an
ecosystem
is
impractical, the authors suggest that experimental
manipulation might indicate which
elements of a
system are most likely to give evidence of particular
stresses. This would amount to a "ﬁeld test" of
hypotheses and monitoring assumptions.
Whether
it would be politically possible would likely depend
on the nature and extent of the insult proposed to be
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visited on the "laboratory ecosystem". Provided the
caution of Murphy's Law disciplined experimental
intervention, the technique could prove to be an
extremely valuable tool. Monitoring often observes
the
pre
sen
t r
esu
lt o
f p
ast
imp
act
s.
If i
t is
to d
eve
lop
a predictive capability, its parameters must be
constantly reassessed in light ofecosystem realities.
. The group directed a good deal of attention to the
unexpected or "wild card" events which have often
provided the ﬁrst evidence of environmental
problems. Dr. Patten discusses our concern, but it is
my recollection that the group felt that there should
be some standardized procedure for responding to
unexpected events and information. This would
allow models, surveillance procedures, and
monitoring techniques to respond more swiftly to
the implications of the new information. Kenneth
Watt had a number of ideas on how unusual events
could be ﬂagged into existing systems.
. A number of people in the group recalled instances
in which interested lay organizations had collected
information of considerable value. [Ed. Note: See
Appendix B, pp. 517-530 and Appendix C, pp. 707-
7 29.] Perhaps the scope and efficiency of
monitoring could be improved by actively soliciting
the cooperation of environmental, conservation, and
civic groups. Such organizations are often looking
for projects of merit and if asked, are more than
willing to help. Volunteer observers have for years
sup
pli
ed
dat
a
tha
t
hav
e
giv
en
met
eor
olo
gic
al
statistics a ﬁner grain.
Such arrangements also promote communi-
cation between scientists and groups gathering such
information. When volunteer groups understand
the signiﬁcance of their data and observations,
they are likely to resist efforts to terminate
information-gathering programs.
5. Figure 17 shows modeling and hypothesis testing
leading to a box labeled "Translation: Statistics,
Press". Use of the word "translation" was
deliberate and was directly responsive to the call by
decisionmakers at the workshop for understandable
information. As Dr. Patten notes, these
mechanisms "do not presently exist, but are needed
to fulﬁll the foreseen 'honest broker' role of (the)
IJC in transboundary monitoring".
As a writer, I am very much concerned about
this translation process. I have become increasingly
uneasy over the problems the press has in assessing
the signiﬁcance of environmental contaminants.
We walk the thin line between either minimizing or
exaggerating the potential danger of such
contamination. If the danger is minimized, the
public does not receive information of importance; if
exaggerated, an alarmed reaction can inflict
economic hardships on innocent individuals and
areas and disrupt resource agencies.
I am wondering whether other conference
participants feel an informal gathering of scientists,
resource ofﬁcials, and environmental writers might
be useful in this regard. Such a meeting might
explore the possibility of establishing voluntary
guidelines and procedures for evaluating the
signiﬁcance of reports of toxic contamination.
6. I would like to congratulate the designers of the
workshop on the choice of Dr. William Cronon as
keynote speaker. His views had a considerable
impact on our discussions. Dr. Patten does an
excellent job of assessing this impact.]
[Remark by James Haefner The five paragraphs
beginning "The discussion of monitoring rationale " and
ending with " based on rather tenuous theory." were not
discussed in the sessions and should be deleted]
 
 Working Group 9, Ralph Brinkhurst, Rapporteur Messrs.
Chairmen, Ladies and Gentlemen. I don't know if I can
elucidate the role of monitoring, but I had a practical
experience the afternoon before the session began that
might tell you something about monitoring. I was in the
department store downtown standing behind an attractive
young lady who was purchasing some fabric. It turned out
she wanted to make a night dress out of this fabric. She
proceeded to astonish the clerk by ordering 30 yards of it,
and he said, "Excuse me madam, did you say three yards?"
She said, "No, no, no. Thirty yards. I should explain. My
husband is a scientist who's involved in monitoring, and
he much prefers the ongoing search to the ultimate
solution."
Thanks to our able and experienced chairman, Mr.
Burwell, and a very pragmatic group, we seized the bull by
the proverbial horns and decided to discuss: (1) what is
monitoring, and (2) what is (or could be) the role of the IJC
in transboundary monitoring? You will see we wisely
avoided this list of prepared questions. Most of what has
been said before, of course, has already covered all the
things I wish to say.
We immediately identiﬁed a semantic difference
between many of us in using the words "monitoring",
"surveillance", and "data gathering". Some or all of these
terms may be used in a variety of objective senses; and, to
some, they have even acquired a pejorative connotation. It
is not our intention to resolve these issues, but to indicate
tha
t t
he
Com
mis
sio
n s
hou
ld
ens
ure
tha
t t
her
e a
re
cle
ar
deﬁnitions associated with their use of terms.
We
th
en
pro
cee
ded
to
ide
nti
fy
ﬁv
e t
ype
s o
f ac
tiv
iti
es
in
mon
ito
rin
g,
and
the
list
is n
ot
exh
aus
tiv
e.
The
ﬁrs
t o
ne
is
gat
her
ing
bas
eli
ne
dat
a a
nd
sam
pli
ng,
pos
sib
ly a
sso
cia
ted
with archiving data and samples against future
contingencies. There is growing consensus within the
body of curators of museums that, as experts at archiving,
they have a role to play in environmental research.
Secondly, there are those who determine trends from
time—series data sets. This usually begins with a
hypothesis or model, sometimes unconsciously adopted.
(Even the selection of a methodology implies that
somebody thought that that variable was worth
measuring for a reason. So some people who get very
frightened at being confronted with modeling may be
pleased to know they're probably modeling without even
knowing what they're doing.) The data analysis, ofcourse,
is critical to the maintenance of support for a project and
for the quality of work being done.
The third activity is the problem-response type of data
collection, studies, and information gathering in response
to newly detected problems. However, some of the group
considers this a pre-monitoring sort of exercise; i.e., when
something new comes along, you have to determine
whether you're going to monitor or not.
A fourth activity is obviously the simple determination
of compliance with legal standards, and/or criteria, which
a lot of local agencies are involved with.
Finally, we need to monitor the general health of the
ecosystem. This continued attention to the ecosystem
itself, with all its inherent complexity that deters some
from using ecological data in the legal framework, is seen
by some of us as the only way to evaluate the success of our
waste and efﬂuent management protocols, and general
ecological protective legislation. While scientific tests
embedded in legislation may be simplified to limiting of
effluent concentrations or simple toxicity tests, the
efficacy of such legislation can only be evaluated by
reference to the receiving system itself. Whatever
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 The evaluator role might involve the production of
models from which you could identify gaps and overlaps,
from which you could develop quality control
considerations of all sorts: methods, standards, science,
frequencies, etc. We thought that this latter activity
might be a reasonable sort of thing for IJC to get into as
well. The evaluator role could be achieved through the
mechanism of advisory boards and contracts, which is
already common to IJC practice.
However, when we looked at the coordinator-evaluator
role in the sense of having some controlling authority,
identifying needed variables — sort of laying down the law
about what they might be — designing time and spatial
frames, and actually ensuring compatability of Canadian
and American data sets, we decided that probably was
impractical. While it is something that should be done
somewhere in Nirvana, it might not be reasonable for IJC
to pursue that as a topic.
If Canada and the United States wish to manage the Great Lakes with
wisdom, they must have knowledge. If the public in both the United
States and Canada wish to "speak out for the great Lakes" they must
have information. If the UC wishes to pursue an "ecological
approach" to the great Lakes it must have information about the
Great Lakes as a whole...
The IJC, under the Great Lakes Water Quality Agreement, already has
a mandate from both Parties to the Agreement to act as a watchdog
over any activity, program or policy which is likely to have a
detrimental impact upon the Great Lakes ecosystem and upon those
human and natural environmental activities that depend on the
Great Lakes.
Loc
al/
reg
ion
al
pla
nni
ng
on
the
Uni
ted
Sta
tes
sid
e
is
str
ong
ly
dom
ina
ted
by
the
"ho
me
rule
” c
onc
ept
. S
uffi
cien
t e
vid
enc
e ex
ists
tha
t
com
pre
hen
siv
e
pla
nni
ng
at
the
sta
te
lev
el
is
ado
pti
ng
and
dev
elo
pin
g
ins
tit
uti
ona
l
arr
ang
eme
nts
sui
ted
to
the
tas
k
of
integrating and prescribing public plans.
On the Canadian side a clear hierarchy exists for planning from the
provincial level down through county/regional planning to the local
or area bases. The structure for vertical coordination of planning in
Ontario seems reasonably well established.
Despite all this planning action, horizontal integration between
United States and Canadian plans does not occur at the local/regional
level nor at the state/provincial level. Yet, as a consequence of the
high level of planning activity on both the United States and
Canadian sides of the Great Lakes Basin, extensive information
gathering, analyses and related planning actions are already
underway in both countries. A wealth of information exists.
Much of this information has been analyzed, sometimes on the basis
of the whole Great Lakes Basin but more often at the county/regional
level. Thus, it can be concluded that the informational base exists to
permit the development of an initial comprehensive, generalized,
view for the entire Great Lakes Basin...
Under its mandate in the Great Lakes Water Quality Agreement of
1978, the UC should monitor the evolution of human settlements in
the Great Lakes Region from a comprehensive, holistic stance. It
should also reorient its operations to include a prospective view as
well as considering the past. This reorientation will, in addition,
require a review of long term demographic and economic prospects
of the Great Lakes region and of their implications for its mandate.
—Science Advisory Board, IJC, Workshop Report: Anticipatory
Planning for the Great Lakes, Vol. 1, Summary (December 1979)
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Alan Clarke Thank you.
I g
ue
ss
m
y
fi
rs
t
re
ac
ti
on
is
to
al
lo
w
yo
u
to
ex
pr
es
s
yo
ur
ap
pr
ec
ia
ti
on
fo
r
wh
at
I
th
in
k
wa
s
a
re
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rk
ab
le
se
t
of
rep
ort
s.
[A
pp
la
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e]
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%
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s
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ts
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s
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e
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rt
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g
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ou
p,
ch
ai
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/f
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il
it
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or
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or
me
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s
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e a
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st
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My
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t
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ll
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qu
it
e s
ho
rt
.
I w
an
t
to
co
mm
en
d
Mr
.
Sm
it
h'
s
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p
th
at
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od
uc
ed
th
is
di
ag
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m
‘on
th
e l
eft
.
I p
le
ad
ed
ye
st
er
da
y t
ha
t w
e
sh
ou
ld
ﬁn
d
a
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e
fo
r m
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it
or
in
g i
n t
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de
ci
si
on
ma
ki
ng
sy
st
em
,
an
d
I t
hi
nk
th
e
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ag
ra
m
th
ey
pu
t
up
th
er
e i
s a
go
od
on
e.
I'
d j
us
t l
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e
to
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e
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d
I h
op
e
it
ge
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en
t
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ay
in
th
e
re
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rt
.
Thank you.
Ch
ar
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s
Go
ld
ma
n
I a
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o t
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th
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e
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re
wh
at
th
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 discovered
accidentally.
The
Great
Lakes
probably
has
the
largest
reliable
data
base
of
any
freshwater
system
in
the
world,
and
I
think
that's
extremely
valuable.
It's
longer
for
various
parameters
than
for
others,
but
I
guess
only
history
will really
tell
how
valuable
it is.
There
are
a
lot
of
problems
with
it,
because
the
quality
of
data
has
been
questioned
in
a
number
of
areas,
and
other
problems
as
well.
Phosphorous,
for
example,
has
been
monitored
tremendously
for
a
long
period
of
time,
and
there
are
a
number
of
people
here
who
will
agree
that
Lake
Erie
is
no
longer
dead.
But
we
are
still having
bans
placed on phosphorous.
We
have
other
emerging
problems.
We
know
that the
problem
of
toxaphene
has
been
identiﬁed
as
a
result
of
monitoring programs,
or surveillance, or collection of data.
I
guess
it
depends
on
how
you
want
to
interpret
those
activities.
There
are
other
emerging
issues
that
the
scientiﬁc world still has to look at, such as PAHs, and
effects on humans, and that type of thing.
But what really hasn't come out here is that there is a
whole battery of people out there who are very, very eager
to do a good job. They are a combination of the bench
scientists and the other workers that are putting together
sincere monitoring programs, only too often to have them
pulled out from under their feet, mainly because of lack of
long-term commitment. You can come up with the best
monitoring program possible, but if you don't have a long-
term funding commitment, you're going to lose this
personal commitment from those who designed the
program. Unless you do have a commitment to maintain
what you're designing, you're going to lose in the long run.
Don't throw out the baby with the bath water, but enhance
it. Take the good programs that you've got, and make
them better and keep making them better, because we
know none of them is going to be perfect.
4L
Harvey
Sachs
Back
around
1790
or
so,
we
developed
a
standard
meter.
W
e
did
not
stop
at
that
point
trying
to
figure
out
better
ways
to
measure
length
and
standardize
our
measures
of
length.
I'm
extremely
concerned
about
the
idea
of
adopting
blunt-edge
tools
for
monitoring.
One
of
the
goals
of
monitoring
must
be
to
continue
to
push
the
edge
of
the
envelope,
to
continue
to
ﬁ
n
d
better
ways
to
learn
to
d
o
c
um
e
n
t
the
environment,
for
several
reasons.
O
n
e
of
them
that
I
referred
to
yesterday
is
this
ready
reserve.
A
more
important
one
is
that
we
are
going
to
learn
things
—
even
if we
have
to
average
the
data,
even
if
we
cannot
use
all
of
the
information
we
learn,
even
if
we
have
to
integrate,
to
average,
or
to
smooth
the
data.
W
e
must
have
that
stimulus
to
the
scientific
community
to
continue
to
do
better
and
better
work.
This
is
an
integral
part
of
keeping
monitoring
as
a
living
exercise,
rather
than
a
dead
thing
from
which
we'll
become
bored
looking
at the data.
Sandy
Sage
There
are
a couple of things that came
up
in
our
group
that
I
think
should
be
mentioned.
One
was
again
emphasizing
the
need
for the
"honest
broker"
and
ﬁguring
that was
probably a
role for the IJC.
Although
it
was
mentioned
before, our
group
spent
quite
a
bit of time
on that. The second point was the need for gaining public
support.
I
know,
at
least
on
the
Chesapeake
we've
recognized, that uninterpreted data sets are not going
to
do us a great deal of good and that we have to go about
building a public constituency.
Part of that might be
through an annual report that gains the constituency of
these ﬁshermen that were mentioned, and other
interested parties; and they can then provide some of the
political impetus to the financial support.
David Rapport
My two colleagues on either side of me
have both given me suggestions as to how to respond to the
comment on blunt-edged monitoring. I will relate to you
both of their suggestions, which I concur with. Bernie
Patten has mentioned that the graphic display at the
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noon-hour show [computer graphics use, demonstrated by
Paul Freedman] was blunt-edged, yet it communicated a
lot of information. So it seems, in the interest of
communication, often a blunt-edged tool can be highly
useful in transferring data to knowledge, or to information
and knowledge. Then Ruth Patrick reminds us that
everyone can't do, or digest, sophisticated methods. That
is also a persuasive argument for the adoption of blunt—
edged monitoring. Now, blunt—edged monitoring would
have to be deﬁned. We don't mean going back to super-
primitive techniques, but the idea calls into question
whether we really need to measure things so finely that
the noise generated by your monitoring device provides its
own distraction.
Dave Stalling One suggestion I have as an alternative to
"blunt data" is to improve the precision and the power of
the tools that we use to examine the information we have.
It's unfortunate that it's very difficult for many of the
practitioners, including myself, as well as the
theoreticians, to exchange perspectives in terms of
multivariate statistics.
Unfortunately, we carry a tremendous bias in the way
we perceive univariate statistical information. We want
to compare mean x against mean y and draw some far-
reaching conclusion, but nature doesn't really care too
often about a single factor. In artificial intelligence
systems we sometimes hear the term, "object-oriented
viewpoint", i.e., something with many attributes. It's a
very unfortunate situation that the groups who know don't
seem to have a very effective pathway for communication
with the groups who are not informed. So perhaps in the
context of the IJC, we could direct a useful and productive
workshop environment of getting people who have
multivariate skills and people who are immersed in the
univariate thinking together to share some thinking and
to remake a few old molds.
Walter Lyon We seem to have come to a point where we
are arguing scientiﬁc precision as opposed to the
importance of getting a job done on the Great Lakes. The
purpose of the IJC, as far as a transboundary effort is
concerned, is to ﬁnd solutions to public—sector problems.
The public is patient with scientists to a certain point, but
then they want to see some results. We did that with the
phosphate story. We did not have all the answers, we did
not know exactly how the lakes would respond, but we
decided to take a terrible risk —- that is, the Commission
did— and we were successful. I think that's an important
lesson to remember: At some point we have to make a
move, even if all the scientiﬁc information is not in.
Michael Colby I would like to point out a thing that's
been bothering me for a while, that I haven't heard
discussed. That's the exclusively scientiﬁc method of
approaching monitoring or in determining what is
environmental health. The stress ecology and "vital signs
of health" analogy Dr. Rapport mentioned seems at ﬁrst
very seductive. It has a lot of uses, as do a lot of the
mathematical and scientiﬁc methodologies that have been
developed. I believe they need to be integrated with a few
other ways of thinking that have been forgotten since
about 300 years ago, when Descartes coined the popular
Latin phrase, "Cogito; ergo sum." I think; therefore, I am.
That simple sentence has removed the intuitive
methods, the intuitive thinking abilities that mankind
traditionally used in determining its relationship with the
environment and with other people, especially in the area
of medicine. This outlook has seen dramatic influences on
the way medicine is practiced, solely curative medicine,
without thinking about how our mind affects our health,
how our attitudes affect our health. This occurs when you
try to approach everything as a machine: The
environment is a machine; your body is a machine that
can be understood by understanding the parts, the
mechanics.
 
 The body's living systems aren’t machines. There are
a lot of other ways of thinking and approaching them that
need to be used in balance with the scientiﬁc method. This
is a big problem. I'm just posing it as a question to think
about. Despite some cements that were made about
monitoring values and stuff like that, I don't think we've
really thought about them. I can't really offer any
solutions at all, but to say that. Thank you.
Alan Clarke Thanks.
Although this particular workshop is over, you are
invited to write or phone your observations and comments,
to be included as part of the report of the conference. I
would encourage and welcome those kinds of individual
inputs in writing. Thank you. The program now does not
call for a break; but it does call for a stretch, while those of
us here on the platform are replaced by the conference co-
chairmen, the co-chairmen of the IJC, and Joel Hedgpeth.
Thanks very much.
[Plopular and legislative concerns often outdistance reliable
knowledge of how severe a problem is or how to remedy it. Many
important ecological questions still can only be answered by basic
research, and in many of these cases no amount of staff or money will
appreciably accelerate the process. The same problem exists in the
testing of new technologies, such as catalytic converters for auto
emission control or emergency core cooling systems for nuclear
power plants. Due to the limits of existing knowledge, agency
agendas are necessarily overloaded with mandates that must either
be postponed or be implemented by guesswork.
[A]gency agendas are overloaded by the proliferation of mandates
without clear priorities for implementation. Substantial time and
effort are required to absorb new mandates, for both individuals and
the agency as a whole. They must be digested and interpreted,
delegated and routinized. They also must be weighed against
previous priorities and adjustments not only made, but negotiated
and
coo
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wit
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req
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must be implemented with the involvement of other parties. When
too many new missions are added at once, the friction of this process
increases even more. Even if an agency has adequate amounts of
budget, personnel, time and knowledge, its capability may be so
overloaded by conflicting objectives that it cannot define clear
courses of action. This potential administrative deficiency is
accentuated by the expanded role of the judiciary in reviewing
administrative actions over the past ten years.
Each form of overload is related, though imperfectly, to its sources.
The addition of new government missions, for instance, may overload
any of the four factors, The addition of responsibilities in excess of
resources, on the other hand, may tend to overload primarily the
budget and personnel and perhaps the time of the responsible
agency. Crash programs and increased interpenetration of missions
fall heaviest on goal clarity, though to some extent they affect the
other factors as well.
In all these cases, however, the overload is real, and it has become an
important factor, if not the dominant factor, with which public
administrators in the fields of environmental protection and energy
must cope...
The administrative burden posed by numerous and complex
environmental mandates has sometimes been used to argue that
government should reduce its activities in this area in order to let
other activities go forward. Reduction of governmental activity is not
suggested here. The argument here is not that environmental
protection (or energy) is good or bad as an area of government
activity, but that its agenda has been overloaded, and that this
overload has significant implications for the time requirements
(among other things) associated with institutional decision processes.
The same probem could arise in any area of government policy. The
point, therefore, is to suggest changes in approach that might
improve the ability of agencies to use time consciously, effectively,
and accountably toward the achievement of legitimate public
purposes. The problem is one of accountable public policy-making,
not merely of administrative efficiency or “red tape".
— Richard N. L. Andrews, "Institutional Factors" in The Value of
Time in Environmental Decision Processes: Concepts & Issues,
Vol. l (November 1979)
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Summary and Challenge
Introduction of Joel Hedgpeth
Keith Bulen Our next speaker, Dr. Joel Hedgpeth, formerly was an adjunct professor at the
268 Pacific Marine Station of the University of the Pacific and is Professor Emeritus at Oregon State
University. During his career in academia and consulting as a marine biologist and
environmentalist, he served on various advisory panels, the National Science Foundation, the
Office of Naval Research; participated in long-term studies of the near-shore environment;
produced two major systematic monographs on Pycnogonida; and examined the impact of science
on the antarctic environment. Dr. Hedgpeth sits on the advisory boards of a number of scientiﬁc
publications, including the Quarterly Review of Biology and Marine Ecology. Two recent
selections from his abundant writings are: Brackish Waters, Estuaries and Lagoons and Models
and Muddles: Some Philosophical Observations. Dr. Hedgpeth.
  
 Initial (Summary) Critique
Joel Hedgpeth
[Ed. Note:
This will be featured, along with the other
critiques by the designated critics, in a special section in
Appendix C of the Proceedings.
This is to serve as Dr.
Hedgpeth's ﬁrst draft; he will have the same opportunity
as will the other designated critics to put it into ﬁnal form
after he sees the final draft of the edited Proceedings.]
In the preliminaqystages of the organization of this
affair, it was stated that I was going to make the reprise.
This is a musical term meaning restating the theme.
It's /
the sort of thing Bach did all the time and composed
variations. Then you waited until he got the cows all back
in the barn with a resounding tonic chord. I can't do that
to this; but I must say, I didn't hear very many discords, or
even barber shop harmonies, though some of the
discussion groups were louder than others. I think this is
one of these interesting aspects of group dynamics that we
haven't monitored carefully enough.
We were all deluged with paper before this began,
mountains of it. None of us, I think, had time enough to
read all of it, or even part of it, in the scholarly way we
would like to: that is, following likely leads that other
people dug up for us. Literature is getting so fantastically
scattered now, that it's becoming almost impossible to
keep up with it. The ﬁrst thing you know about a $95
monograph on a subject of interest to you is that some
friend of yours has contributed to it and sends you the cut-
off sheets. More often than not, unfortunately, they say
that there is a terminal bibliography 50 pages long at the
end of the book; and you'll have to find the volume to find
the references. Very unfortunate.
Now, some of us had a few doubts about what was going
to happen to this great pile of Xeroxed stuff we received;
and we approached the affair, I think, with that cautious
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Hedgpeth
Celtic sentiment [Ed. Note: quotation in Celtic], "Don't
praise a ﬁne day in the morning." Well, it's now the
evening of the second day and things came out much
better than that motto would lead anyone to expect.
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I've been lately touring the provinces, presenting a
road show called, "Paradigms, Paragons, Paladins, and
some Parallels". Actually, this is a little commentary on
some of the theories of ecology since the beginning of the
subject and how they have fared. It was stimulated, in
part, by the fact that Simberloff, in a recent very
philosophical paper said, "Ecology's ﬁrst paradigm was
the community." He blamed it on Clements and Shelford.
Actually the concept of community dated back to the
German Moebius. It's a long tangled tale; and I won't go
into it; and you can be thankful that I left my slides at
Swarthmore the other day.
But, anyhow, it started with a catastrophic
mistranslation into English of "Lebengemeinschaft" as
"social community". That may have had as much as
anything to do with Clements' calling the community a
social organization and then developing this system of
hierarchies of phases, called "succession".
Now, this went on for a long time, until ﬁnally a man
named Petit about 1953 said that Clements and Shelford
had betrayed Moebius by mistranslating "biocoenosis"
into "social community". They hadn't; it was the English
translator. Nobody ever read the German except
Germans. Very interesting. I found out that,
unfortunately, Moebius was somewhat of a romantic and
wrote very turgid, involved German. Now, when we're
talking about monitoring systems, we have to understand
the system better than we obviously do. We got into a
horrible tangle overemphasizing the contribution of salt
marshes to the adjoining seas, resulting in a 90-page
clinical examination by Scott Nixon, and so on. Well, to
get on with the problem. I was, of course, pleased to hear
Dr. Haug say that the ecosystem is here to stay. The
ecosystem, by the way, is the present European usage-
equivalent to biocoenosis.
Yesterday, of course, we had more formal presentations
by speakers, and many of them were available before and
during the meeting. When we have a copy of something a
fellow is speaking or even reading, we tend not to listen to
it very carefully. So a couple ofthe papers given I'm afraid
I didn't listen to very carefully, because I ﬁgured I'd read
them later, momentarily forgetting I was supposed to
summarize them. This is a reverse of what you do when
you go to the opera with a score. There you sit there and
diligently follow it, note by note, to see what the prima
donna is going to do with the high notes and so forth. The
most impressive talk we had yesterday was Professor
Cronon's from Yale. He's a young professor who's just
published his ﬁrst book, and it's an extremely good one.
For those of you who weren't here, it's mainly about the
effect of the white man's settling on the Indians and on the
environment of New England. He looked at the problem
in a way that we have not really brought together before.
The massive smallpox epidemic not only killed off the
Indians; it killed off their whole society's structure, which
in turn had a great deal to do with the environment. They,
of course, as Carl Sauer has always maintained, practiced
control or burning, to keep open places and so on; and all
that disappeared. And when it comes to paragons, I just
wonder if, had Shakespeare known what his
contemporaries were doing to this continent, would he
have said in Hamlet, "What a paragon of nature is man."
Well, of course, Dr. Cronon also reminded us that
things go on north of the U.S./Canada boundary. The
Canadians have a somewhat different view of history than
we, though in essence it was the same. It was really the
metropolitan influence that moved things westward, not
the brave, hearty pioneers that carried six-guns and came
out and fought the Indians. I suppose when you look at the
deeper reasons for these things, he is correct.
Being the grandson of one who crossed the plains in
1858, and left his name on El Morro, and fought the
 
 Indians on the Colorado River, I felt a little sad about that
part of our family history. I might point out that every
Soviet schoolchild is taught the names of all the Canadian
provinces and the bordering states of the USA. I don't
know how many American students even in the bordering
states know which province is north of them. Most of us
from the rest of the 45 or so states have very vague ideas of
Canada. That is a great shame.
Dr. Cronon left us witha feeling, or the expressed
opinion, that the boundary is very vague (if it exists at all
between these two countries) economically and possibly
philosophically. I might point out our own experience in
California right now indicates that. Massive reopening of
the gold mines of the California mother lode is taking
place now. Most of these are with Canadian money. They
simply are going in and taking whole hillsides. They've
picked a very nice agricultural high school out of its
beautiful little valley, which they're going to turn into a
large pond. They plan to work day and night to take all
the gold out of there. In some parts of the mother lode —
and there's ﬁghts about this— there'll be a terriﬁc impact
on ground water from this kind of thing. Then, of course,
we burn gas from Canada. Well, I'll skip along here, and
not keep you too long.
Some of us, I think, are skeptical of some of the
information provided by Dr. Milbrath about his polls, that
perhaps there are a few more people who are in favor of
preserving the environment than anybody else suspected.
I do hope his numbers are right. Of course, polls are
always based on such small segments that we have reason
to have a certain amount of skepticism. However, I have a
bit of personal experience that reassures me. Back about
1942, I founded the Society for the Prevention of Progress,
and people ran like horror away from me. They thought I
was losing my marbles. Even the Sierra Club thought it
was a little silly. Now I think the Sierra Club is the
lar
ges
t c
hap
ter
of
the
Soc
iet
y
for
the
Pre
ven
tio
n
of
Progress. In fact, I saw Dave Brower on the streets of
Washington last time I was up here, and I asked him, "Are
you back again, pushing the frontiers of progress back?"
And he said, "I'm doing my damnedest." So they are now,
at least, the most outspoken proponents of controlling
development.
We heard from James Grier Miller on his very, very
large book. Since it has very large, double-columned
pages, I couldn't digest it; but he gave us some very
interesting information that's being translated into
Chinese. I don't know why it should remind me ofmy ﬁrst
and only experience with the I Ching. That's where you
get three coins, play them out, and do what it advises you
to do for the day. I followed this religiously, and what I got
was, "Make no decisions today." So I didn't know what to
do. I was stymied. I've never been back to it; and I don't
know whether that was a decision, really, or not. Well, it
turned out that Dr. Miller was a lot less domineering than
we might have anticipated from the size of that book.
I was supposed to ﬁgure out what's going on in all these
nine concurrent sessions. That job's been done very well,
of course, by all the rapporteurs of their respective
sessions. They all took their missions very seriously, all
the charges you assigned them; and they covered virtually
everything, as you have heard.
There is one thing though thatIheard not enough of
in all of these things. That was some consideration of the
massive long-term monitoring experiences undertaken in
Europe, such as part of the ICES (International
Commission for the Exploration of the Sea), which
stretches clear to this side of the Atlantic, and the Cal-
COFI Enterprise. That has a number of lessons for us.
Something was said about the fact that monitoring is
uneconomic and sometimes doesn't lead anywhere. It
ﬁ
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would be interesting to know how many doctoral theses,
how many major oceanographic chairs are now occupied
by people who were supported on the Cal-COFI program,
studying why the sardines declined. There is a moral to
that. For nine years after that was inagurated in the early
1950s, we had a period of very even climate. It was almost
stable. Of course, there was one part that was entirely too
stable. That was a bucket temperature reading at the end
of the Scripps pier. I hope none of you from north of the
border will be disturbed when I tell you that we had an
eccentric Newfoundlander there whose job it was to take
the temperature every day. He found that this period was
rather even; so sometimes he preferred to read the latest
chapter of his paperback detective story, than graph it in.
After a while he got even more careless; and sometimes
there were several weeks, apparently, when he faked the
records. After he was safely back in Canada, they found
this out by examiningother data and realizing what had
gone on.
 
 But, nevertheless, after the nine years of study, which
showed very little variation from season to season in
temperature, salinity, wind direction, and all that,
suddenly it began to change. In 1957 we had an
extraordinary variation in temperature. The ocean
warmed up. It was not an El Nifio effect — at least we
don't think so. But it indicated that the forcing power was
very large. Another thing about the forcing power of El
Nino on the coast: When it ﬁrst starts in spring, when the
wind sets in, its effects are detectible on plankton
production within 24 hours. In the massive one we've just
been through, the whole ocean almost turned over within
a few months. But you see if we'd stopped in nine years,
you'd have had a very wrong impression of the Paciﬁc
Ocean.
Now we realize we've got to keep that going in blocks of
25, 50, or 100 years. In fact, the late John Isaac suggested,
on the basis of scales embalmed down in the azoic bottoms
of the Los Angeles Basin, that there may be 100—year
cycles of sardines and anchovies in abundance. Now when
you study any kind of cycle, you really are supposed to go
through at least three runs to find out whether you're in
the middle or in the extreme swings of it. So we've got a
job there for at least 300 years.
In general, I think, the groups agreed that monitoring
indeed should be done, even if they didn't try to
understand what it was all about, or who was going to pay
for it. It is essential. This is preserving the environment.
The ﬁrst job of monitoring was done by a man named
Gilbert White in England in the 18th century, namely the
natural history of Selborne. He watched and recorded
what happened every day. Some of his speculations about
hibernation of birds and things are considered rather
quaint; but he wrote an English classic, which was
ess
ent
ial
ly
a
mo
de
l
of
mon
ito
rin
g,
or
a
ha
nd
bo
ok
for
monitoring.
Well, we now wonder what is going to happen in the
ﬁnal report with all the words that have been said. I
anticipate at least two volumes, because some of us, like
myself, have been talking off scattered notes; yet We're
expected to write in a nice sensible and, of course,
reasonably polite way about all the contributors. Any
resemblance between my remarks, and what appears in
print will be a coincidence. And, of course, some of the
people, especially the discussion groups, felt they were a
bit overpressured. One of them said toward the shank end
of the day, "I wish we could all go home and sleep on it."
Thank you.
Keith Bulen Dr. Hedgpeth, why do I feel compelled to say
that those views are those of Dr. Hedgpeth, and do not
necessarily reﬂect the views of the convener.
Joel Hedgpeth Well, that last remark was not yours, sir.
 
Consider the auk;
Becoming extinct because he forgot how to fly,
and could only walk.
Consider man, who may well become extinct
Because he forgot how to walk
and learned how to fly before he thinked.
— Ogden Nash, "A Caution to Everybody” (1952)
No ultimate resolution of boundary barriers, or binational or global
issues, is permanently possible in a climate ofcynicism. Attitudes of
the mind, like giant electro~magnetic ﬁelds, attract or repel solutions
as surely as the compass needle responds to North or grounding metal.
Our countries call for compass north!
— Glenn A. Olds (October 1984)
 
273
,
 
25
9
.
9
!
”
=
’
     
274
  
Introduction of J. Blair Seaborn
Keith Bulen It's a very dear pleasure to introduce to you our chairman of the Canadian Section
of the IJC and our goodfriend, J. Blair Seaborn, who was appointed Commissioner and Chairman
of the Canadian Section, International Joint Commission, effective December 20, 1982. He had
previously served as the Deputy Minister of the Department of Environment, Canada, since
December 31, 1974. He was born in Toronto, Ontario, I won't say when.
Mr. Seaborn received his primary and secondary education at the Normal Model School and
the University of Toronto Schools, enrolled in Trinity College at the University of Toronto, has
earned a Bachelor of Arts degree (political science and economics) in 1947, and a Master of Arts
degree in 1948. After graduation, he joined the Department of External Affairs. Over the next
22 years, he served as Foreign Service Ofﬁcer in The Hague, Paris, Moscow, and Saigon, with
periods of service in Ottawa between postings. In 1967, Mr. Seaborn was appointed head of the
Far Eastern division. On April 27, 1970, he became Assistant Deputy Minister of Consumer
Affairs with the Department ofConsumer and Corporate Affairs.
Blair, remarks please.
 
 Comment
by
IJC
Co-Chairman
J. Blair Seaborn
Thank you, Keith.
I'm
going to speak brieﬂy.
It's been
a
long day for all of
us.
I'll speak
rather personally,
particularly
to Keith
Bulen.
As
a
number
of you
realize,
Keith
has,
amongst
our
small
group
within
the
IJC,
been
so
very
much
the
guiding spirit behind the idea of this workshop, during our
thinking and working on the transboundary monitoring
network.
He
has
been
not just
the
initial guiding
spirit,
but very much the driving force to make sure that it all
happened. We're grateful to him for that.
I came here, Keith, primarily to try to learn more about
a subject in which I'm not knowledgeable; and I think I can
report to you that I did learn. That's more than I can say
about an awful lot of workshops and conferences that I
have attended. I learned from those people who spoke to
us so interestingly on the ﬁrst day, setting the broad stage
for the precise subject we wanted to look at. I also learned
a great deal today in the smaller, more intimate sessions,
where we were able to exchange ideas, to test ideas back
and forth. Then, of course, I learned from the summation.
Each of us could be in only one of the small sessions, and
we learned from those. Then we heard excellent wrap-up
reports from each of the others; and we wished we could
have been in all of them, had time permitted.
There have been assembled here a depth and breadth of
knowledge, and of thinking, from really a very impressive
array of people: from practitioners and thinkers, if I can
make those two distinctions. The important thing is that
the practitioners have demonstrated that they, too, are
thinkers about this subject; and the thinkers have shown
that they have a very lively appreciation of those who are
involved in the practice of monitoring. Neither group was
speaking from isolation. Let me just share with you a few
of the
key
thoughts which
I take
away
from
yesterday's
speakers
and
from
today's discussions.
First is the
importance
of a
sense
of history
of the
two
countries.
This
is really what
we're
talking
about
when
we say a transboundary network —
a sense of the history
of the interrelationship between
them
—
as we
look
at the
question
which
forms the precise subject of this
workshop.
That
history
was
put
most
fascinatingly
by
Professor
Cronon yesterday.
I was absolutely delighted to hear him
drawing
the
attention
of many
people,
who
perhaps
had
not heard
the name
before,
to one
Harold
Innis, one
of the
great economic historians of Canada and one who was one
of my
mentors
at the
University
of Toronto a
number
of
years ago.
The second thought which I will take away is that it is
necessary to have a recognition of the differences which do
exist between our two countries.
But these differences, I
would suggest, are a source of strength to the relationship
between us and to the things we try to do together. They
are not something which we should try to flatten out in
whatever
work
we
do and
for whatever
purpose,
not
something to be removed. They should be built upon and
encouraged to give greater strength to the combined work
of two countries and tWo sets of peoples.
A third thought is the great importance, certainly, of
recognizing that data-gathering and monitoring -- we’ve
talked a lot about those — are extremely important
elements in the work which so many of you are involved in
directly. They must, however, be combined with many
other things, with research, with a host of other factors, if
we are to provide the kind of knowledge and wisdom that
will guide the actions of citizens, and of decisionmakers in
general, whether they be governmental or private-sector
decisionmakers. We have a responsibility to provide them
the kind of output from our monitoring which they must
all have if they are to do well. We should remember
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though, that the best coordinated, the best integrated
monitoring network is not the be—all and end-all of life. It
is something which will help us to solve some of our
problems, and it must be used as a servant for the solution
of those problems.
Another point is that despite our determination and
desire to have well-constructed monitoring systems, and
the output from them, there will always be occasions
when, for any number of reasons, we shall have to make
decisions without the completeness of information we may
sometimes want. We should not be inhibited from making
those decisions when all sorts of other considerations bear
in upon us and tell us that we must act now.
Another thought is the need, as my colleague
Richmond Olson put it, to go for the bread rather than
aspiring to the cake. I think we do have to build up
pragmatically, to meet the recognized needs of this great
realm of activity which is embraced in transboundary
monitoring. We have to react and to build up the systems
to deal with that which we see as problems now. We have
to do it because we can't do everything at once. We have to
do it, because, like all mortals, we have to work with
chewable chunks, not anything far too grand for our
ability to digest. We have to do that in full recognition
that if we were to expend all our energies in trying to
construct the perfect and total system, we might not get
anything doneat any time. It's the old adage of the best
being the enemy of the good. We must keep our systems,
whatever we put in place, as flexible as we can so that they
will be in a position to respond to the undoubted changing
needs, needs that change in ways which we cannot foresee
today.
From all of this, from the total input of the two days,
my hope, Keith, is that we may be in a position, as an
International Joint Commission — with the help all of the
participants have given —— to say something useful to
governments on this subject about a transboundary
monitoring network. That something, so far as I'm
concerned, will not be a suggestion that this organization
get deeply involved in structures and in operations; I think
that would be the death of this organization, but we do
have some role to play. We have helped by the catalytic
role we've played here in gathering so many of you
together.
Someone described the possibility of a brokerage role.
That's one which I feel very comfortable with. Given our
size, our tradition, and what is expected of us, a highly
operational role is certainly not what you should expect
from the International Joint Commission. It is not that
which we would do best, nor that which would serve our
two governments and our peoples best.
Most of all, I hope we take away from this meeting the
reminder Alan Clarke gave us at the beginning of this
morning's session: All of us are involved. All of us, I hope,
have learned from this, the experiences and the sessions
we've been through over these last two days. All of us,
therefore, have the responsibility — we in the IJC, you
from wherever you may come and to wherever you may go
back —- to think further on these schemes, to think further
of our responsibilities, to see if you can help, from your
vantage point, to move forward to a better coordination of
work we are doing in both countries to help preserve, to
enhance, to protect the vast area which is the
transboundary ecosystem.
Thank you very much.
L. Keith Bulen Thank you very much Blair for those most
appropriate remarks. Before I introduce Chairman Bob,
who will adjourn us sine die, I want to make a few brief
observations and then relate to you what I hope you may
expect in the way of a follow-up from this workshop.
  
 I view myself as a man who is not afraid to dream, but
who understands fully the difference between dreams and
reality. That difference is some rather hard-nosed
practical planning and execution. I can envision some sort
of an integrated transboundary monitoring network for
the United States and Canada that would serve as a
prototype for the rest of the world. As a pragmatist,
however, I know we will not realize any such vision until
we have secured broad support for exploration and have
answered some difficult, yet necessary, questions.
We'll be asking for your help in the future to gather
some more basic information about what currently exists
in the boundary region in the way of monitoring, and to
what end this monitoring is being undertaken, and at
what estimated cost.
I've already spoken to a number of you about these
needs. I've asked many of our board members to inventory
for the Commission what is available in the way of
monitoring for the Commission's work. I received some
partial answers; and our people, I suspect, in the IJC
family are about as knowledgeable as there are anywhere.
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much further in pursuing an integrated transboundary
monitoring network.
So although our workshop ends today, our work
certainly is not going to end. Some of you have already
been asked to assist us formally by reviewing the program
and the progress, if any, that we've made over these two
days, and by deﬁning an agenda to sustain our momentum
towards consideration of a transboundary monitoring
network. Others of you will receive requests of a speciﬁc
nature from us. All of you have, in your workbooks
[Ed. Note: See Appendix B, pp. 473 and 476-477.], some
important questions that we have begun to explore here.
To the extent you wish to share your views with us further
on these subjects, we strongly encourage you to do so, and
to do so in writing. Please forward your responses or
observations to the Commission's ofﬁces either in
Washington or Ottawa. You can all expect to be hearing
further from us with regard to a number of other follow-up
items.
Each of you will receive a transcript of the plenary
sessions of the last two days and summaries of the working
groups sessions, along with some special critiques of the
workshop. You will be asked to assist us in evaluating our
transboundary monitoring effort to date by ﬁlling out a
questionnaire now being prepared by our staff, and
returning that to us. It should be mailed to you in the
immediate future. And as pertinent materials with regard
to monitoring, especially of a transboundary nature, come
to our attention, we'll mail those to you for your
information and comment. We encourage you to share
such articles and such ideas with us and with the other
participants who have expressed an interest in
networking. There are a lot of professional publications
out there of which we're not aware. Please, if you have
any such pertinent material, this would be a pretty good
time for us to start to pull together a case. It doesn't make
any difference if we come up with such a network now;
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I only hope the environment isn't
degraded in the meantime too badly. I hope
the quality of life that we continue to enjoy
will be worth the wait. I hope the
relationships, diplomatically and
neighborly, between the two great nations
and grand allies are not stretched or marred
during the meantime; but there will be such
a network. I just think it would be a
splendid opportunity for us to exercise some
rather mature wisdom and prepare in
advance to see that it's done right and not in
reaction to some frantic sense of chaos or
emergency at a later time. In addition to
those of you here, there are others who could
not attend, but who want to help. We have
included those individuals in our
    
McEwen Seaborn networking list because of their interest and
expertise on the issues of transboundary
278 sooner or later there is going to be one. We may not be far—sighted monitoring. These individuals will be
enough, timing may not be just perfect, we may not have the talent, included in our follow-up efforts and will
> there may not be the will; but the people, one of these days, are going to share with you their insights on
g _ do it. transboundary monitoring also. :
l
Yet bring I to my work an eager joy, This earth is ours to love: lute, brush and pen, [Clonﬁdence creates the i
A lusty love of life and all things human; They are but tongues to tell of life sincerely; proper climate for I
Still in me leaps the wonder of the boy, The thaumaturgic Day, the might of men, solutions and nutures ,
A pride in man, a deathless faith in woman. 0 God of Scribes, grant us to grave them clearly! the essential ingredient
Still red blood calls, still rings the valiant fray; Grant heart that homes in heart, then all is well. ofan human effort
Adventure beacons through the summer gloaming: Honey is honey-sweet, howe'er the hiving. hope.” ’
Oh long and long and long will be the day Each to his work, his wage at evening bell
Ere I come homing! The strength of striving. -— Glenn A- Olds
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What goes up must come down — and does, Airborne toxics enter the food chain in several Canada is at present fighting automotive scurces ofair
often in our food and water. The amounts of toxic ways: as fallout onto food as it is grown; as fallout onto pollution through stricter emissmn standards and by
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Introduction of Robert C. McEwen
Keith Bulen
It is now my
pleasure to introduce the United States Section Chairman
of the
International Joint Commission.
Bob's a lawyer and a former United States Congressman from
Ogdensburg, New
York.
He
was
eight terms in the United
States Congress, and
he
retired
undefeated.
He
was
not forced out through
anything immoral,
or anything else.
Bob
said,
"Enough is enough.
I've got this good deal over here as chairman of the UC; and I'll just sit up
there in my big beautiful home
on the St. Lawrence and listen to my
neighbors complain about
the low water, the high water, or whatever it is, or the bad fish, or the stench; and I'll get it all
straightened out as chairman of the IJC."
He was appointed to the IJC in October of 1981.
In November of that year, he was elected by
the United States Section as its chairman.
Bob brings to the Commission a background which
has given him broad experience in Great Lakes issues and U.S./Canadian affairs.
During the
eight terms he served in the United States Congress, from.1965 to 1980, he
represented New
York's 30th Congressional District, which then bordered Lake Ontario, the St. Lawrence River,
and Lake Champlain.
He
was a member of the US. delegation to the Canadian/United States
Interparliamentary
Group,
and
was
a
member
of the
Steering
Committee
of the
Northeast-
Midwest
Congressional
Coalition
and
the
Great
Lakes
Conference
of Congressmen.
He
was
elected to the New York State Senate in 1954, where he served for 11 years, and I assume retired
undefeated there too.
Mr. McEwen was born in Ogdensburg, New
York.
He
attended the University of Vermont,
and the University of Pennsylvania,
before graduating from
the Albany Law
School with an
LL.B. in 1947.
He has received honorary degrees from the St. Lawrence University, LL.D.; and
Clarkson University, Doctor of Science. His home is on the shore of the St. Lawrence River.
We have a pretty nice family in the IJC, not only in the committees and in the task forces, but
between the commissioners. Although we get at it pretty hot and heavy in the executive session
on many occasions, there is a great deal of respect within the IJC.
We are a unique group of
individuals who have come together and managed to do something that not many
institutions
can do; and that's, to the fullest extent possible, be a binational unitary body and function as
such. Chairman Bob McEwen.
 
 Concluding Comment by IJC Co-Chairman
Robert C. McEwen
Thank you very much, Keith. I appreciate your
pointing out that I quit while I was ahead. I hope that
we'll all very quickly quit here while I think we're ahead,
and I'm looking forward to what Keith and Chairman
Seaborn have referred to concerning what will follow from
this meeting. It's my happy assignment to express a few
thank—you's at the conclusion of this two-day workshop.
A place is very important; and to the people of this
academy for the support they've given to this undertaking
—-— providing these very excellent facilities for us —— I know
I speak the feelings of all of us when I say, "Thank you".
Thank you particularly to Dr. Bennett, and Dr. Patrick,
and Dr. Sage and all of their wonderful people who've done
so much for us.
From our own IJC to David LaRoche, the Secretary of
the US. Section; to Bruce Bandurski and Michael Colby,
who have literally worked for months in seeking out all of
you who are here and getting presenters for this workshop,
all of the details that went into it, we say thanks to them.
Working with them, Trefor Reynoldson, from our Great
Lakes Regional Office in Windsor, Ontario; Andrew
Hamilton from IJC Office, Ottawa; Peter Haug and Roger
Burwell, who are helping; and, of course, Alan Clarke,
who we in this Commission over recent years, have called
on so many times to leave his lovely world of academia to
engage with us in some of our undertakings: we say
thanks to all of you.
Then there is our own support staff from Washington,
who have done so much: Frank Bevacqua, who did a great
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Next there are Ambassador Glenn Olds and his
delightful wife, Dr. Eva Olds. We're so delighted you could
be with us. I know I speak the feelings of all of us, when
we say how much we enjoyed your remarks of last evening.
I'd heard Dr. Olds before. When we met out at the airport,
he very quickly said "We've met somewhere," and then we
couldn't seem to hook up where it was. Then it ﬁnally
occurred to me that I knew what a speaker we had in store,
and what a treat it would be, because of my daughter's
graduation from St. Lawrence University. Dr. Olds was
the commencement speaker. He packed as much content
into a few minutes there as he did last night.
Of course, to have this we had to have ﬁnancial
support; and we'd be remiss if we didn't express our
appreciation to the William H. Donner Foundation of New
York City and the Joyce Foundation of Chicago for what
they did.
Thanks also to all of you speakers, rapporteurs,
facilitators, participants in this workshop, for what you
have brought to it, and what we hope you'll take away. As
Keith Bulen said, this isn't the end; we may adjourn sine
die here in this setting, but hopefully a lot of pebbles are
going to land in a lot of ponds, and ripples are going to go
out. You're going to be the missionaries to carry the word,
to talk to colleagues, and government and academia and
the private sector, wherever we all come from.
Now, I think I've covered the list pretty well, except
I've left two names to mention last. L. Keith Bulen and E.
Richmond Olson, two of our IJC commissioners who have
been engaged in putting this together for months. Things
just don't happen; they are made to happen when Keith
Bulen takes over. If it wasn't that way, things in Indiana
would have been different. The present President of the
United States wouldn't have entrusted him to handle 17
states, and a campaign, and run a national convention as a
little side show at the end. Any of us who knows Keith
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Bulen, knows that anything he goes into, he goes into full
bore and with all of his enthusiasm. He enjoys that
wonderful combination of being able to think big thoughts,
dream the big dreams, and be very pragmatic and
practical at the same time. And, Keith, I've got to share a
story about you that I think isjust delightful. Those ofyou
who have been around politics at all know it takes a lot of
work and a lot of drive, and somebody's got to make things
move.
In the campaign four years ago there came a large rally
at the end of the campaign, where the now-President of the
United States was speaking to thousands of people. On
the platform, caught in the photograph, there was a
banner right up over Ronald Reagan's head; and it said,
"Will Rogers never met L. Keith Bulen."
Now I've got to give you a sequel to that. When I saw
the banner, I said, "Keith who the devil were these
fellows?"
He said, "Oh, they're a couple of my advance people.
Good people, but you had to give them a kick once in a
while to keep them moving."
I said, "Whatever became of them?"
He said, "Oh, they have very responsible positions in
the administration."
I said, "They do? But you were a key person in that
transition. How in the world did they get in there?"
"Oh," he said, "They're good, I put them in there."
I hope they're doing well, Keith; but I'm just wondering
who's around to give them a kick.
Well, we want to say thank you for all of the jabs and
kicks and pushing and work that you did, and Rich Olson
with you. Reference has been made earlier to the present
commissioners who have worked in what we call a two-
commissioner mode, where we pair off a U.S. and a
Canadian commissioner to work on something. This is one
more feather in the caps of Keith Bulen and Rich Olson,
the work they did in putting this together. They also were
our two commissioners who took the lead on endeavoring
to settle a 40-year-old problem, a dispute, sometimes
acrimonious, on the Skagit River and the High Ross Dam.
They brought that to a culmination in a treaty between
the governments of the United States and Canada and
won the praise of the ones who needed power in Seattle,
and the environmentalists. It was a win—win for
everybody.
So, we're not surprised with these two commissioners
that this went as well as it did. I began a moment ago,
saying thanks to all of you for what you have done up until
now and what we do believe you can do from here on out.
We hope you will work with us and further this concept of
an integrated transboundary monitoring network. If our
two countries can't put something together, then I don't
know where in the world it will be done. Let me say, that
as the son of a Canadian mother and an American father,
I'mjust mighty proud of both of these countries, and I have
an abiding faith that there is precious little, if it needs
being done, that we can't do. Thank you all.
 
 Perspectives V
(0n Channel and Net [Network] Sharing)
 
Scientific research has always relied on
communication for gathering and providing
access to data; for exchanging information; for
holding discussions, meetings, and seminars; for
collaborating with widely dispersed
researchers; and for disseminating results. The
pace and complexity of modern research,
especially collaborations of researchers in
different institutions, has dramatically increased
scientists’ communication needs. Scientists now
need immediate access to data and
information, to colleagues and collaborators,
and to advanced computing and information services. Furthermore,
to be really useful, communication facilities must be integrated with
the scientist’s normal day-to-day working environment. Scientists
depend on computing and communications tools and are
handicapped without them.
A scientist should be able to use computing and communications
tools by working at an advanced graphics workstation. Through
that single window, the scientist may gain access to required
computing facilities and databases and communicate with peers,
colleagues, and scholars throughout the world. This combination of
computing and communications is called computer networking.
Computer networks provide the base that combines geographically
dispersed researchers, computing resources, and information into a
single integrated computer and communications environment.
Unfortunately, the development of computer networks has been
fragmented and incomplete. The result has been a bewildering
array of different technologies and of different and incompatible
networks.
The scientist has been burdened with multiple access procedures,
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Science Foundation’s new networking program NSFnet, the
emerging convergence of the community-based computer networks,
and the growing focus on the adoption of standard computer
networking protocols should reduce this burden. Nevertheless, the
promise of the convergence of computing andcommunications . . .
— of computer networking — remains to be fulfilled. . . .
In 1981, City University of New York (CU NY) surveyed universities on
the East Coast of the United States and Canada, inquiring whether
there was interest in creating an easy-to—use, economical network
for interuniversity communications. The response was positive.
Many shared the CUNY belief in the importance of computer-
assisted communication between scholars. The first link of the new
network, called BITNET, was established between CUNY and Yale
University in May 1981. . . . [The name BITNET stands for Because It's
Time NETwork.] ...
— Dennis M. Jennings, Lawrence H. Landweber, Ira H. Fuchs,
David J. Farber, W. Richards Adrion, "Computer Networking
for Scientists" (28 February 1986)
[Wlhat the scientist really wants to know is the meaning of the
message for the holon that gave rise to the signal. . . . Good science
deals with its signals not by trying to extract all their information
(which, given the infinities involved, is worse than cumbersome; it is
impossible), but rather it tries to derive signals by making informed
guesses at their parent messages. Unlike the signal, the message is
finite and defined in terms of scale. The informed guesses are the
hypotheses of elegant science that are missing in ill-conceived or
brute force approaches.
— T.F.H. Allen and Thomas B. Starr, Hierarchy: Perspectives for
Ecological Complexity (1982)
 
283
  
  
284
 
"We are now in a position to know what some of the major things that need to be monitored are. We know the importance of
quality control, so that data sets from organization to organization are really reproducible and interchangeable. We know that
we could proceed with picking what are obviously some of the most important elements, yet retaining a sufﬁcient diversity in
this approach to ﬁnd other elements."
-— Charles R. Goldman (October 1984)
Efforts such as NAPAP (the federally sponsored National Acid
Precipitation Assessment Program of the U.S.A.) are beginning to
show the promise of effective cooperation and coordination
(national as well as binational and international) in monitoring of
transboundary phenomena.
"The goal [of NAPAP] is to develop and progressively improve upon
the analytical tools necessary to understand processes critical to the
acid precipitation issue. The program is developing these tools to
provide an objective and comprehensive information base on acid
precipitation for use by decisionmakers....
[In 1980] the statutory program was given a 10-year mandate with
annual reporting duties. The need to bring together the many
important producers and users of acid deposition information was
recognized, with 12 Federal entities and four National Laboratories
united under the National Program. This long-term and broad-based
approach was recognized as the most effective way to tackle the
great complexity of the acid precipitation issue...
Considerable progress has been made in building and focusing the
comprehensive program on the key scientific questions most relevant
to decisionmakers’ needs. A continuing dialog has been established
to provide feedback between decisionmakers and scientists so that
the work remains highly relevant and the strengths as well as
limitations of the planned research are better understood.
lnformation on acid deposition has many different and important
uses, and the National Program thus has a diverse clientele. Primary
emphasis is, of course, on meeting the urgent needs of the Congress
and the decisionmakers in the Executive Branch who are charged
with developing National policies. Most attention in the Congress
and in the public debate has focused on regulatory policy relating to
emissions of sulfur dioxide and, to a growing degree, nitrogen
oxides. The research program is focusing on these two substances
and other chemically important compounds...
There are many other uses of the information beyond analysis of
emissions control policy options. For example, the surveys conducted
under the program, such as the National Surface Water Survey, are the
most detailed and thorough National inventories available. Such
information
is needed
by
resource
managers
responsible
for
stewardship of lakes, forests, range and grasslands, wildlife, and
cultural monuments; by farmers and agronomists; by federal and
private
sector managers
of
energy
resources;
and
by
public,
environmental, professional, and trade organizations in formulating
their positions and activities.
The National Program is addressing urgent demands for information
while maintaining the essential objectivity that is central to its
scientifically-oriented, policy-neutral mandate. The demand for
providing " best guesses" based on
current information must be
balanced against the need to perform technically defensible analyses
and to avoid conjecture. Many scientific uncertainties remain while
the demands for definitive answers mount. However, the value of the
National Program is no greater than its scientific credibility, and that is
maintained by rigorous technical analysis and peer reviews...
The research, monitoring, and assessment activities of the National
Program are providing successively better tools and a continually
improved information base for evaluating the environmental benefits
and cost of alternative policies. As Congress recognized in creating
this long-term, broad-based program, the issue is exceedingly complex
and has required advancing the frontiers of science in fundamental
areas of ecology and atmospheric sciences.
Addressing the acid deposition issue effectively requires both research
and analysis of response options. Objective scientific information is
only one contribution, albeit an important one, to developing
appropriate responses. Decisionmakers, not researchers, must decide
the level of scientific information necessary for decisionmaking.
Scientists attempt to define at any point in time what is known, with
what level of certainty, and what is not yet known.
——+
   
 Some of the issues which decisionmakers address require making a
host of subjective judgments for which scientists have no special
expertise. For example, scientists have the task of relating the
response of ecosystems to the amount of acid deposition they
receive; but it is the role of the policymaker to determine the
acceptable level of response -— whether emissions should be limited
further, and by how much, considering the social costs and benefits
in addition to other factors.
Although one major goal of the National Program is to quantify such
costs and benefits, often they cannot be quantified objectively, and
subjective value judgments must supplement scientific analyses.
Science does not provide a basis for making such value judgments --
those judgments are those of the decisionmaker. However,
enhanced scientific understanding can strengthen our confidence in
selecting the most effective actions to yield desired results...
A formal protocol has been established between the United States
and Canada to exchange scientific information of Eulerian acid
deposition models. Management and technical committees have
been established to facilitate communications between the two
modeling groups. The first meeting of the technical committee was
in Toronto during 1984 to coordinate the exchange of emissions,
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Ecomanagement monitoring can be improved to provide much of the
feedback needed by decision support systems in Canada, the U.S.A.,
and elsewhere. Societies, individuals, and organizations alert to
appropriate technologies (and committed to lifelong learning) stand
to benefit the most from retaining a receptive/adaptive posture that
responds to new contexts. Already there are signs of this happening in
the private sector:
Education and training within corporations of the United States is
an important and growing industry. It has been estimated that in
1981-82 annual costs were around $60 billion. This was
comparable to the total spent by all of the country's four year
universities and colleges. The number of students trained was also
nearly comparable.
A substantial fraction of the training is for engineers who need to
keep abreast of rapidly changing technologies. But all
components of the work force may be involved...
Teaching methods at companies are often similar to those at
universities, but more effort is devoted to increasing instructional
effectiveness. Computer-assisted instruction is used extensively
and films and programmed materials are employed. Computer
networks that link voice, graphics, text, and audio allow
personalized classrooms. As might be expected, corporations are
devoting considerable efforts to improve their instructional
methods. Digital Equipment officials assert that they have made
notable progress. The company has a computer system called IVlS
that analyzes how a particular student learns. The system provides
text, voice, graphics, and audio elements and responds to student
behavior. Digital says that lVlS-trained students learn up to 53
percent faster and with better retention than students taught by
conventional methods...
The new electronics technologies have created new opportunities
in education.
— Philip H. Abelson, " Corporate Classrooms”, Science
(13 September 1985)
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And these new opportunities in education are rapidly being realized
elsewhere in the U.S.A./Canada Transboundary Region.
Below are
some
notes from
the
Vol.
1,
No.
3, 1985,
issue
of
EDUCOM
NETWORKING,
an
information
service
for the
global
academic
networking community. They appear to be a portent of encouraging
progress to those who would move us toward a shared TbMN.
The Dakota Connection: ND HECN
The
North
Dakota
Higher
Education
Computer
Network
was
established as a result of a directive from the North
Dakota State
Board of Higher Education with funds supplied by the 1973 North
Dakota legislature.
Initially including only three higher education
institutions, today the
ND
HECN
has expanded
to five two-year
colleges, four four-year colleges, and two universities, all under the
jurisdiction of the North Dakota State Board of Higher Education.
The network's mission is to provide comparable computer support to
all students, staff, faculty, researchers, and administrators at state-
supported
institutions.
Programs
supported
at
the
various
institutions include technical, vocational, education, liberal arts, a
medical school, a law school, an experiment station, an extension
service, and aerospace science. Institutions range in size from 500 to
11,000 students with a total enrollment of approximately 34,000
students.
The Network
North Dakota has taken a somewhat unusual network approach ——
two host sites support 9 remote sites. The University of North Dakota
serves as host for administrative processing and North Dakota State
University serves as host for academic (instructional) processing.
Computer
center directors at the remote
sites serve as
remote
coordinators for network services...
Integrated,
uniform,
administrative
systems
developed
in
the
financial and student records areas reside on the University of North
Dakota system and utilize staff at both host sites. Administrative
systems were developed to be as flexible as possible to accommodate
the varying
needs of all network institutions.
System
modules
include everything from payroll/personnel, registration, and housing
to grants and contracts accounting, library, and ticket reservation.
These systems have saved the state the cost of duplicate hardware
and software and have provided uniform and comparable reporting
throughout the state system.
The
ND
HECN
has
full
Network
Job
Entry
(NJE)
capability,
which
complements
terminal
networking
by
allowing
job
input,
output,
and
data
transfer
between
host
systems.
NJE
provides
economies
of
scale
by
sharing
devices
between
administrative and
academic
systems.
The
SNA
(Systems
Network
Architecture)
network
links
ND
HECN
mainframes,
minicomputers,
and
remote
clusters, allowing
authorized
users
at
any
terminal
to
access
all
hardware
on
the
various
host
systems.
Currently
the
ND
HECN
has
1,600
microcomputers
scattered
throughout
the
member
schools...
Most
of the
network
institutions
have
established
general
purpose
microcomputer
labs
or
are
in
the
process of establishing such facilities...
External Communications
Staff,
faculty,
and
students
across
the
network
have
access
to
the
NDSU
Online
Card
Catalog
system,
operated
in
Mankato,
Minnesota
for
a
consortium
of
Minnesota
colleges,
of which
NDSU
is a
member.
Faculty, staff, or students at
any ASCII
terminal
or microcomputer
may
search the card
catalogs by
author, subject heading,
title, etc.
Many
departments
access
other
information
retrieval
services
such
as
CompuServe,
The
Source,
and
Dialog
via
local
area
TYMNET
and
Telenet
dial-up
connections.
PACX,
a Gandalf
switching
system,
also
provides
a
dial-out
modem
for users
connected
to
PACX
for access
to
local and toll-free dial—up systems.
Centralized
technical
support
for
micros
is also
handled
at
NDSU.
A
microcomputer bulletin board
system (BBS)
provides file sharing and
software
distribution
for
public
domain
software
and
freeware
and
is
used
for
electronic
communications
among
microcomputer
users
across the network.
AGNET
is
accessed
by
staff,
faculty,
students,
and
clients
throughout
the
network
using
terminals
or
microcomputers.
In
addition to
electronic mail
servers and
an
electronic bulletin
board,
applications
are
offered
ranging
from
simulation
of
grain
drying
systems to irrigation scheduling...
The DEC VAX
UNIX system provides access to USENET —
a network
of UNIX systems that transfers news and
mail via dedicated
and dial up
connections.
USENET
provides a wide-ranging
set of broadcast news
on topics ranging from UNIX programming to religion...
   
   
The network became a member of BITNET in fall 1985 by
connecting to University of Minnesota of Minneapolis Saint Paul
through leased lines. According to Bonnie Neas, Manager of
Academic User Services at the NDSU Computer Center, "BITNET
brings us closer to other users and provides technical support for our
limited staff. Faculty exchange data with other sites and have found
that once they learn how to transfer files, using BITNET is much
easier than creating, mailing, and reading magnetic tapes"...
Faculty and staff in the Agricultural Economics department at NDSU
have used BITNET to transfer public domain software... Staff are
also investigating using BITNET for joint authoring with other sites.
Dr. Malcolm G. Butler, Assistant Professor of Zoology at NDSU, says
"NDSU's participation in BITNET has proven extremely valuable in
helping me collaborate with colleagues at the University of
Wisconsin in Madison. I am studying several northern Wisconsin
lakes under a grant from the National Science Foundation and need
to share data with limnologists in Madison who study the same
lakes."
BITN ET also has enhanced use of other resources. ND HECN has been
a member of the PCSHARE and VMSHARE electronic conferences for
some time. (PCSHARE and VMSHARE are operated by McGill
University ). [According to Marty Hoag, Manager of System
Services at NDSU] "Through BITNET we receive daily updates to the
conference files. We also use BITNET to retrieve information and
search the indexes" "We recently filled our VM directory area and
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public—access data bases. By connecting their hosts to the Telenet
Network, EDUNET member institutions can gain access to a growing
number of domestic and international computer sites involved in a
wide variety of educational and research applications. A single
connection via a leased line to the Telenet network allows
simultaneous access from remote hosts as well as from domestic and
international dial-up users.
Telenet is available from over 400 cities in the continental US. and
from more than 54 countries worldwide. This means that with a local
telephone call from any of these locations, users with asynchronous
terminals or personal computers can dial into the network and
connect to a remote host. This flexibility makes the network
particularly well—suited to travelers.
Another valuable service is an ID Password account. These IDs are used
for a variety of reasons. The most common is as an accounting
mechanism for segregating network usage charges. Each invoice
provides a monthly summary of usage for each caller by ID. As a
security feature, a caller without an ID and password cannot connect
to a designated host system through Telenet if you desire to have this
parameter set on your host...
Many Networking and Regular TELENET members are also
involved in TELUS (TELenet USers Association). This organization helps
to facilitate the exchange of information among GTE Telenet
customers and users and provides mechanisms for identification and
resolution of common concerns. Special interest groups are formed
for further communication in technical details in areas such as
International Services, Technical, Private Networks, Telemail, and
Public Policy.
Princeton, Wisconsin, and Delaware Get NSF Grant
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pro
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In recent years there has been explosive growth and improvement
of
computer,
video,
and
other
electronic
communications
technologies. At the same time their costs have decreased greatly. In
addition, unprecedentedly excellent educational software is being
developed.
This includes not only many fuII courses and briefer
modules of computer-aided instruction, but video programs such as
a major
portion
of Shakespeare’s
plays acted
by the
Royal
Shakespeare Company, Lord Clark's Civilization, Bronowski's The
Ascent of Man, Jonathan Miller’s The Body in Question, Carl Sagan's
Cosmos, the PBS series Nova, and numerous video versions of novels,
short stories, and historical documentaries.
What in the mid—1960’s was financially impossible is now feasible.
Also recent regulations by the Federal Communications
Commission
and court decisions in the United States, permitting single companies
to carry out both telecommunications and computer operations,
have created a favorable industrial climate for the development of a
University of the World using the electronic media.
Innovations in educational video have recently been springing up
rapidly,
For example, individual institutions and consortiums of
educational institutions are developing extensive plans for video
courses. The Open University of Great Britain, which gives courses
over BBC television and radio, pioneered in this field a decade ago.
Now it provides instructional materials for a number of different
countries.
The Foundation for International Exchange of Scientific and Cultural
Information by Telecommunications (FISCIT) has recently been
established to plan for new approaches to higher education by long
distance transmission among faculties of universities in Europe and
the United States.
Included in the universities participating in this
planning are the Swiss Federal Institute of Technology in Zurich, the
University of Hamburg, the University of London Imperial College of
Science and Technology, The Johns Hopkins University, Indiana
University, and the University of California at Los Angeles, FISCIT has
already conducted a long distance seminar by satellite and is
considering
international
uses of
modern
telecommunications
technologies in the future.
These pioneering activities clearly
demonstrate the feasibility of distance intercommunication for
The Appalachian Community
Service Network
plans to distribute 64
hours
of
programming
each
week
to
cable
television
systems
throughout
the
country,
half
of
which
would
be
graduate
and
undergraduate courses for credit.
The Central Educational Network,
made
up
of
public
television
stations
in
10
Midwestern
states,
is
attempting to determine and meet the telecommunications needs of
the 821 colleges and universities within the area.
And
the American
Educational Television Network, a for-profit corporation, has recently
begun to broadcast continuing education courses for professionals.
Some
of those
making
this present
proposal
have
been
preparing
general
plans for a worldwide
university for more
than
a
decade.
Technological advances since then mean that now the time has come
for detailed planning, development of curricula, and
other research,
developmental, and administrative activities required to establish such
an
institution within the United States, as well as in nations where
English and perhaps certain other major languages are spoken.
The setting of standards of academic
quality, the establishment of
curricula, the production of telecourses, and the awarding ofcredit or
other
appropriate
recognition
for
academic
accomplishment
are
appropriate
activities for
educational
institutions
and
professional
educators.
. . .
If educators develop close collaboration with the
technologists and
corporations
that are
capable
of
producing
and
operating the information-processing systems that can make
high
quality, relatively
inexpensive education
available worldwide,
they
can together serve the nations of the earth.
This can help to bind
together those countries in understanding and cooperation.
Democratic
government
is impossible
in
nations
with
a
poorly
educated citizenry. In the year 2000, . . . the 4.4 billion people now on
earth may well grow to a population of 6.9 billion.
Most of this
growth will be in developing countries, many of which cannot now
afford adequate primary and secondary education by traditional
means. They cannot train teachers even to minimal standards.
Unless
mass education by modern technologies is employed, these countries
may never become true democracies in the foreseeable future.
—
James Grier Miller et al., "Background",
a proposal for The
University of the World (1982)
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[L]et us forget for a moment the details of the economic crises, the
political tensions, the class-struggles which block out ourhorizon,
and let us climb high encugh to gain an inclusive and impartial view
of the whole process of hominization*_as it has advanced during the
last fifty or sixty years. From this vantage-point what do we first
notice? And if some observer were to come to us from one of the
stars what would he chiefly notice?
Without question two major phenomena:
the first, that in the course of half a century technology has
advanced with incredible rapidity, an advance not just of scattered,
localized technical developments but of a real geotechnology which
spreads out the close-woven network of its interdependent
enterprises over the totality of the earth;
the second, that in the same period, at the same pace and on the
same scale of planetary co—operation and achievement, science has
transformed in every direction — from the infinitesimal to the
immense and to the immensely complex — our common vision of the
world and our common power of action.
— Pierre Teilhard de Chardin, Hymn Of The Universe (1965)
*Hominization is Teilhard’s term for what Julian Huxley has called
"progressive psychosocial evolution”.
ECOSYSTEM APPROACH
As expressed by the Science Advisory Board and reiterated many
times by the International Joint Commission, proper and effective
management of the Great Lakes requires an understanding of the
total ecosystem, including the diverse interactions that occur within
its components. These components include an array of chemical,
physical, biological and societal aspects.
Although committed to such an approach, implementing it in a
practical manner continues to be difficult. Perhaps the only way that
an ecosystem approach can be instituted is through mathematical
models. Models are true system tools in that they (I) integrate
information to create new data that otherwise would not be
obtainable and (2) allow information to be developed very
efficiently (e.g. with computers). In other words, models, being
numerical representations of real world systems, may offer the only
real hope of describing the myriad interrelationships among system
components. Modeling will not be the only answer to implementing
the ecosystem approach, however. Despite the power of modern
computing, the interactions in most systems are too complex to allow
modeling of all aspects.
Simplifying assumptions have to be made,
requiring sound scientific insight and knowledge. Furthermore, use of
models
will
demand
that decision-makers
be
knowledgeable
about
the modeling process.
Models must be wisely used
as tools (not as
ends in themselves) to assess the effects of policy options on Great
Lakes
systems.
Nevertheless,
the
development
of
new
ecosystem
models will likely receive considerable attention in the future if the
ecosystem approach, which strives to integrate all aspects of man and
his environment, is to be effectively implemented in comprehensive
management.
—
Use, Abuses, and Future of Great Lakes Modeling, Modeling
Task Force report to the Great Lakes Science Advisory Board
(February 1986)
Interdisciplinary teams of resource specialists with a broad base of
common ecological understanding will be needed for the land use
planning process and to apprise managers of alternatives for meeting
the planned objectives under environmental, social, and budgetary
constraints. The complexity of both ecology and economics involved
will force the use of scientific as opposed to intuitive methods of
analyzing management alternatives. This, in turn, will require readily
accessible (probably by computer) resource information banks
containing current survey data on the status of all components of the
ecosystem. . . . In many ways the importance of survey information to
land use planners and resource managers is analogous to the role of
road maps for the traveler. First of all the importance of road maps
varies with the length of the journey. When one travels in a familiar
area there is little need for reference to a map. For longer trips into
unfamiliar territory, however, maps become essential.
So it is with land use planning and resource management. If a
relatively small area is being managed for a dominant use, the
experienced manager becomes so familiar with both the area and the
use that he or she can do a very creditable job of management with a
minimal amount of survey information. When larger areas are being
managed for multiple uses, however, a single individual has difficulty
becoming intimately familiar with all aspects of the problem and must
rely heavily on both survey information and the inputs of other
discipline specialists on the management team. In short, the
importance of both survey information and the multidisciplinary
approach increases with increasing complexity of the management
problem. The growing pressures on our environment are creating
situations in which both are of critical importance.
.——)
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The second point of the analogy is that different stages of planning
the journey call for maps with different levels of detail. In the early
stages of planing one is only concerned with selecting the best of
several
routes, and
a rather
general
map with little detail will
suffice to guide the planning through these early stages.
Having
selected a general route to follow, one then needs maps with more
detail for making reservations for lodging, planning meal stops, and
so on.
The process of drawing up management plans is quite
parallel. The establishment of objectives calls for figures aggregated
into averages and totals for rather large areas.
The subsequent
determination of constraints, formulation of action plans, and
allocation of budget calls for much more detailed and location
specific information.
The third point of the analogy is that there are some things that
cannot be determined from the usual maps and in which the traveler
must exercise judgment. The map is not likely to show such things as
road repairs in progress, fuel prices, periods during which service
stations are open, quality and prices of hotels and restaurants, and
"now playing" information for entertainment.
The traveler must
take into account budgetary considerations, consult other sources of
information, and combine them with personal exerience in working
out the final details of travel plans.
Likewise survey data provide the manager or team of managers with
information on
the quantities and
conditions of the
various
ecosystem components. Given a set of management objectives, this
information
is sufficient
for determining
what
needs to
be
accomplished and the magnitude of the task. The managers still face
the all important task of deciding how the desired ends can best be
accomplished, and it is here that the managers earn their money.
They
must analyze the funds, equipment, personnel, and time
available to formulate and implement an operational strategy.
Scientific
management
techniques,
operations
research,
and
personal judment are the keys to success in this phase of the
program,
Another analogy is to say that survey data provide the foundation
on which managers must build. A good foundation is essential, but
does not guarantee a good structure unless skilled fabricators use
quality materials to build upon it. ...
We are convinced that an ecological approach is the best way to
ensure an orderly development and effective use of environmental
data systems. . . . Although we recognize that much of the current
environmental furor and concern centers around conflicting
priorities for resource use, we also feel that a substantial amount of
it stems from a lack of complete and reliable data bases. Without
this common
ground
for
agreement
on
the
current
status
of
the
human
ecosystem there
can be
little agreement
on
the manner
in
which the ecosystem will respond to an alteration.
The more rapidly
data
bases
can
be
improved,
the
sooner
will
debate
focus
more
sharply on
the real issue of priorities for resource use.
—
Wayne
L. Myers
and
Ronald
L. Shelton,
Survey
Methods
For
Ecosystem Management (1980)
The Center for Statistical
Ecology and
Environmental
Statistics has
been
initiated under a cooperative agreement between the National
Oceanic and Atmospheric Administration and the Pennsylvania State
University.
The Center is the first of its kind in the
nation and
in the
world and enjoys a fine national and international
reputation.
The
emphasis is on
improving
the quantification and
communication
of
human
impacts
on
the
environment
with
special
attention
to
renewable
resources
and
their
habitats.
The
following
needs
are
viewed:
0
Collaborative research, cooperative programs, workshops and
round
tables,
graduate training,
and
internships in areas that may
include
but
are
not
limited
to
statistical
ecology,
environmental
statistics, and quantitative risk analysis.
0
Attention
to timely
issues, problems,
and
approaches
for
monitoring and measuring the impacts of a variety of agents, such as
pollution,
harvesting,
management,
etc., on
global
and
regional
resources.
0
Coordination
through
information
transfer
and
communication
at regional,
national,
and
international
levels on
related contemporary public policy issues and on related scientific
concepts
involving
mathematical,
statistical, data
analytical,
and
interpretational techniques.
0
Support and encouragement of statistical ecology initiatives to
help
meet
the
challenge
of
improved
quantification
and
communication
of
human
impacts
on
the
environment.
These
initiatives include a statistical ecology newsletter; research and review
modules, manuals, and volumes of interest to the statistical ecology
community;
interdisciplinary information and
publications, such as
computerized
bibliographies,
dictionaries,
and
libraries
for
quantitative risk analysis methodology, spatial and temporal analysis
methodology, statistical distributions in scientific work, and statistical
ecology in general.
The
Center
is home
of
the
International
Statistical
Ecology
Program
of
the
International
Statistical
Institute,
the
Biometric
Society, and the International Association for Ecology.
— Intecol Newsletter(February 1986)
 
 [M]eans outside of the conventional political structure are needed
to scan environmental horizons for sources of possible trouble.
There is need for a surveillance and monitoring arrangement
protected from political manipulation, but structured so that neither
the public nor its political leadership can ignore its findings.
Characteristics of such a system and ways that it might be effected
are outlined as follows. ...
The assemblage and integration of such a system would require a
high order of organizational skill, information, and imaginative
exercise of political strategy. Given prevailing circumstances, only
two types of organizational arrangements appear to be suitable.
Unsuitable would be a unified continental system, wholly separate
from either national government. At this point in history it w0u|d be
politically unacceptable and, in any case, would duplicate existing
national services that might otherwise be employed.
A possible arrangement, however, would be a negotiated, mutually
coordinated system for concurrent collaboration of Canadian and
American institutions, each developing its own data and
assessments, but with identical criteria and format. This
arrangement would provide for joint publication of accumulated
data. Funding could be provided by respective governments,
supplemented, perhaps, from private sources.
There are precedents for such an arrangement. For example, the
World Weather Watch, established by the World Meterological
Society (WMO), provides for concurrent monitoring and reporting by
the weather services of many independent nations. The success of
this system, however, depends upon WMO acting as a central point
for
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as from various groups with particular concern with the findings
produced through its operations.
Exploratory planning of the system should probably take place
informally on the basis of a memorandum of intent negotiated between
the two countries. Although diplomats and international lawyers are
needed in the preparation of an international agreement, provision
should be made for the scientific and technical judgments even more
needed in planning a binational monitoring system. Thus, an early step
toward agreement would be the establishment of a binational advisory
committee, multidisciplinary in character, that could be subdivided into
two major divisions, one that addresses the scientific and technical
aspects of the system and another that examines the institutional
arrangements among governmental units and agencies necessary for
the system's success. . . . [Tjhere should be continuing liaison between
the two major divisions of the committee, and final action by the
committee should be taken in plenary session when both drafters of the
international agreement and developers of the system would adopt
recommendations addressed to a central steering committee or senior
negotiating group that reports to the governments of the respective
countries (or perhaps to the IJC).
Were a system to be established, what would it do? Its first task would
be the assemblage and development of data bases for current or
anticipated issues. Although the overall task would be formidable, it
would not be as great as if all aspects were to be investigated de novo.
An important part of the task would be to collect, critique, and
integrate previous work done on selected problems. The system, as
suggested here, does not contemplate the establishement of a large
bureaucracy separate from existing governmental agencies. A
considerable part of its personnel and monetary cost is already provided
in the c0urse of governmental support for existing environmental and
natural resources activities. Some of the staff engaged in the
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tion
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nce
of t
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in the normal activities of these agencies or institutions.
A redundant bureaucracy is precisely what is not
being recommended; it would not be an affective
or efficient way to obtain desired results. Advances
in computer technologies greatly enhance
prospects that such a system ultimately could be
more accurate, more informative, and perhaps less
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NOTE TO RECIPIENTS OF "TOWARD A TRANSBOUNDARY MONITORING NETWORK"
In October of 1984, the International Joint Commission (IJC)
convened a workshop to explore, in a conceptual manner, the need
and possibilities for a transboundary monitoring network(s).
This network(s) might facilitate collection and use of
comparable information on important ecosystem factors and
thereby help in the identification and assessment of significant
changes in the health of the boundary region.
At that two—day workshop the IJC committed to publication of:
l) the formal presentations made, in Philadelphia, on
October 10 - 11, 1984; and, as well,
2) the background materials and related items submitted
subsequent to the Philadelphia discussion, reflecting the
ongoing effort to catalyze a Transboundary Monitoring
Network (TbMN).
The entire collection amounted to substantial documentation. It
has been edited cooperatively and bound in two volumes:
Volume 1 comprises the core material of the TbMN Workshop
and, additionally, some matter that serves to link,
illustrate, and clarify the formal presentations.
Volume 2 comprises the workshop program, background
articles prepared prior to the TbMN Workshop, follow—up
items (e.g., special critiques) and, additionally, some
material that serves to link, illustrate, and clarify what
amounts to "an ecosystem approach" to consideration of a
Transboundary Monitoring Network.
Volume 1 was printed in larger numbers and is being given wider
distribution than Volume 2. If your package does not contain
Volume 2 and you are interested in receiving this background
material please let us know.
For more information contact:
Bruce L. Bandurski (202) 673-6222
or
Andrew L. Hamilton (613) 995-2984
 
